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AN EXPERIMENTAL INVESTIGATION OF THE STRUCTURAL DYNAMICS OF A

TORSIONALLY SOFT ROTOR IN VACUUM

SUMMARY

"An extensive data base of structural dynamic characteristics has been
generated from an experimental program conducted on a torsionally soft
two-bladed model helicopter rotor system. Measurements of vibratory
strains for five modes of vibration were made at twenty-one locations on
the two blades at speeds varying from 0 to 1000 RPM and for several
combinations of precone, droop and flexure stiffness. The tests were
conducted in vacuum under carefully controlled laboratory conditions using
a unique excitation device which uses a system of piezoelectric crystals
bonded to the blade surface near the root. Frequencies, strain mode shapes
and dampings are extracted from the time histories and can be used to
validate structural dynamics codes. The dynamics of the system are such
that there is a clear tendency for the first torsion and second flap modes
to couple vithin the speed range considered. Strain mode shapes vary
significantly with speed and configuration. This feature is important in
the calculation of aeroelastic instabilities. The tension axis tests
confirmed that the modulus-weighted centroid for the nonhomogeneous airfoil
is slightly off the mass centroid and validated previous static tests
performed to determine the location of the tension axis.



INTRODUCTION

An accurate knowledge of the dynamic characteristics of rotor blades
is essential in order for the designer to be able to determine the extent
of susceptibility of the rotor system to aeroelastic instabilities . These
dynamic characteristics include the natural frequencies, mode shapes and
damping of both the individual blades and rotor system. A data base of
these characteristics experimentally obtained under controlled excitation
for different configurations of the rotor obtained (covering a range of
pitch, precone and droop settings at several rotor speeds) can be used to
validate structural dynamic analysis models.

Accurate measurements of the structural dynamic characteristics in air
or in an operating environment cannot be made because of the influence of
aerodynamic damping. In nearly all rotor experiments, modes which exhibit
high aerodynamic damping are virtually impossible to measure. Further,
aeroelastic coupling among the blade modes produces responses which do not
represent directly the basic natural system mode characteristics of the
rotor blades. Therefore it becomes essential to obtain by measurement the
fundamental modes and their characteristics in a vacuum environment and to
use these data to validate analytical models. The validated models can
then be used with confidence in the design-analysis process.

A motivation for the present effort comes from the results presented
at the methodology assessment workshop (Ref. 1) in which wide variation and
discrepencies between test data and corresponding aeroelastic analyses of
hingeless rotor models were reported by participants from industry and
government. The validation of the isolated structural dynamics component of
a rotor system mathematical model is an important step in developing an
aeroelastic computer code that can be used with a high level of confidence.

This report presents the results of an effort to experimentally
determine the structural dynamics of a torsionally soft 6.32 foot diameter
two bladed rotor system in vacuum. Frequencies, mode shapes and damping
for the first three flap bending modes, first torsion mode and the first
lead-lag mode were measured in vacuum at speeds varying between 0 and 1000
RPM covering a range of droop, precone, pitch angle and pitch flexure
combinations as follows:

Droop 0, -50

Precone 0, +5,

Pitch 0, +120, -120

Pitch Flexures: Soft and stiff
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With 21 strain gages distributed at selected spanvise locations on the
two blades, a total of nearly 4000 time histories were recorded for
analysis at each speed. The blades used are the same blades which were
tested by Sharpe, 1986 (Ref.2), in order to establish the Flap-Lag-Torsion
aeroelastic stability of the rotor. Reference 2 presents, in much more
detail the background of this important problem area and serves as the
basis for the investigation reported here. The only other attempt made in
this regard is by Lee (Ref. 3) but the method of excitation used was such
that torsional characteristics could not be obtained accurately. The
uniqueness of the present effort lies in the use of an excitation device
which can excite a desired mode using a system of properly positioned
piezoelectric crystals. The crystals are bonded to the blades and under a
sinusoidal power input, experience alternating strains which in turn are
imparted to the blades through the bond. This results in a clean and
reliable method of exciting the blades at their resonances. This system
has been found to be effective in exciting the first five modes of the
rotor system. The system is described in detail later in this report.
Vibratory data has been recorded from strain gages for all test
configurations at 0 and 1000 RPM and at three intermediate speeds for some
configurations. The data were reduced using Fast Fourier Transform (FFT)

atechniques and a modal curve fitting procedure.

An accurate assessment of steady bending and torsion loads cannot be
made without accurately locating the blade tension axis along the chord.
This experimental program therefore, included measurement of the position
of the tension axis (i.e. the position of the modulus-weighted centroid
along the chord; an important section property of nonhomogeneous structural
members) for the baseline configuration.

The report presents the details of the program, a discussion of

results obtained along with principal conclusions reached.

TEST OBJECTIVES

The specific test objectives of this program were: (a) to determine
the location of the tension axis of a specific blade of the rotor system in

vacuum at speeds up to 1000 RPM by measuring the static lead-lag bending
strain distribution, and hence bending moments, (b) to obtain the dynamic
characteristics, namely strain mode shape, natural frequency and modal
damping for the first five modes of the rotor by measuring the distribution
of dynamic strains at predetermined locations on the blades while spinning
at speeds up to 1000 RPM in evacuated conditions, and (c) to determine,
through such measurements, the influence of precone, droop, pitch and pitch
flexural stiffness.

q
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ROTOR MODEL

As shown in Figure 1, the rotor model selected for the proposed study
is a 6.32ft diameter isolated hingeless two bladed rotor model with a NACA
0012 airfoil having no twist or taper. This rotor constitutes
configuration IIA as used in the Integrated Technology Rotor/Flight
Research Rotor (ITR/FRR) Methodology Assessment Study (Ref. 1). The rotor
was originally used for aeroelastic stability studies reported in Reference
2, and is described in detail therein. The blade construction outboard of
the 9.5% radius consists of a unidirectional Kevlar spar and 0.003 inch
(.0762 m) thick glass fiber cloth skin. The blade profile is maintained
by a polyurethane foam core. Inboard of the 9.5% blade radius, the
flexible blade is bonded into an airfoil shaped aluminum alloy cuff
attached to the root flexures at the hub. Embedded in the leading edge are
tantalum segments for center-of-gravity and cross sectional polar moment of
inertia control. The cross-sectional properties were designed so that the
center of gravity and the elastic axis are coincident with the quarter
chord point.

The dimensionless lead-lag and first flap blade frequencies, (1.5 and
1.13 respectively), are representative of typical hingeless full scale
rotors but the dimensionless first torsion mode frequencies, (2.87 with the
stiff flexure and 2.56 with the soft flexure), are less than typical full
scale values. The dimensionless frequencies were obtained by dividing the
natural frequencies by the nominal rotor speed of 1000 RPM.

The rotor hub design permits variation of the pitch flexure (control)
stiffness, along with the precone, droop and pitch angles. Two pitch
flexures were used in the tests. The relatively soft one had a torsional
stiffness 7.062 times that of the blade whereas the stiff one was almost
10000 times stiffer than the blade. Interchangeable hubs provided the
precone angles of 0 and 5 degrees as required in the testing. The required
droop angles of 0 and -5 degrees were obtained by having interchangeable
wedges positioned between the blade cuff flange and the outboard face of
the pitch flexure. Pitch angle settings of -12, 0 and 12 degrees for
testing were obtained by rotating the blade outboard of the pitch flexure,
at the interface between the pitch flexure and the droop wedge.

The six basic rotor configuration cases that were investigated are
shown in Figure 2. These were selectively combined with the three test
pitch angles to give the twelve selected test configurations for which
vibration data were obtained.

4
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VACUUM SPIN RIG

The UTRC Centrifugal Testing Facility (Spin Rig) was designed from its
inception as a research tool dedicated to measurement of the in-vacuo
structural dynamics of rotating blade assemblies. As shown in Figure 3,
this rig is an above-ground facility with a test chamber measuring
approximately ten feet in diameter and three feet in height. Principal
mechanical features of the spin rig are the vacuum pump system and the
rotor drive system.

The vacuum pump system evacuates the test chamber down to 100
millitorrs in less than 8 minutes. An automatic vacuum valve will isolate
the test chamber to prevent air leaking in should a power failure occur.

The drive system consists of an 8-inch Barbour-Stockwell air turbine
and its associated electro-pneumatic servo control throttle valve which is
able to maintain required speeds at better than 1 1%. The bottom flange of
the turbine is fitted with a magnetic pickup and a 60 tooth gear to provide
the signal to the speed control unit. A safety interlock system protects
against any loss of oil pressure, oil flow, or oil level in the reservoir.
A remotely operated turbine brake control will function in the event of a
power failure. An overspeed trip solenoid air valve will shut off the
drive air when the selected value of maximum speed is attained.

A unique feature of the facility is the base mounted rotor drive

assembly which provides complete accessibility to the model rotor and
unobstructed viewing through the lid from above. Figure 4 shows the
conceptual arrangement of the model rotor installation in the test
facility. The model was mounted to the top of the drive shaft using a
special adapter. The drive shaft rotates in a squeeze film damper bearing
incorporated in the sealed duplex bearing assembly mounted beneath the rig
floor. The lower end of the shaft is connected to the air turbine using a
flexible coupling. A 40-channel slip ring unit is similarly connected to
the lower end of the turbine shaft. Figure 5 shows the model rotor mounted
in the spin rig. Prior to testing, with the model mounted on the shaft,
the rig model frequencies, were determined using an instrumented hammer and
signature analysis methods. The lowest frequency found was 88 Hz for a
shaft bending mode in the direction of the blade radial axis. This
frequency is above the minimum recommended in order to preclude the
dynamic coupling between the rig and the rotor blade lead-lag motion from
contaminating isolated blade frequency and damping measurements.

Initial runs were made to 980 RPM with the chamber evacuated down to
300 millitorrs. No indication for the need of balancing was evident.

5
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PIEZOELECTRIC CRYSTAL EXCITATION SYSTEM

The research objectives of this program required that the technique
chosen for the excitation of rotor systems should be one in which the
level, frequency, and phase characteristics of excitation can be
controlled. In this way, the individual modes of each blade and of the
rotor could be excited at speed, to permit determination of the modal
parameters from resulting response data. The Piezoelectric Crystal
Excitation System developed at UTRC satisfies this requirement and was used
in this program.

The piezoelectric crystal, by virtue of its unique electromechanical
properties, is ideally suited for exciting structures with minimum
modification of the structural mass and stiffness properties and can be
used in both rotating and nonrotating tests. Piezoelectric crystals have
previously been successfully used as structural exciters in studies of
bladed disk forced vibrations (References 4 and 5). In the above
applications piezoelectric crystals were used also as transducers to
measure strain in the various structures. Excitation by crystals can be
effected in two ways. In the first, a crystal sandwich is positioned
between two components of the structure such that when a voltage is applied
to the faces of the crystal, relative motion between the components
results. Disadvantages of this method are the change in stiffness of the
structure that occurs at the crystal-structure junction and the high
excitation voltages required. In the second, an elongated crystal wafer is
bonded to the surface of the structure such that when a relatively low
voltage is applied to the crystal, a longitudinal strain is imparted to the
surface which in turn produces a local bending moment about the neutral
axis and so bends the structure. This method is obviously best suited to
excite plate-like structures and was thus selected for the present
application.

Crystal wafers are attached to the blade surface at locations where
significant strains are expected in the modes of interest. Each blade is
instrumented in this way and the crystal installations become a permanent
feature of the blade assembly. Electronic circuitry has to be provided to
enable the phasing between each blade exciter and input power level to be
varied as required. Thus, blade modes and rotor modes can be excited.

A UTRC designed and fabricated excitation control unit provides for
independent level and phase control of the a.c. voltage supplied to each of
the crystals on the blades. This independent control of the phase angle
between the crystals permits the optimum excitation of each mode, both
symmetric and antisymmetric. Such values are dialled in for each channel
at the master control panel. Phase angle is variable from 0 to 360 degrees
in steps of 1.41 degrees. The amplitude control to each channel is
continuously variable from 0 to 140 volts peak. The signal generator used
is a Hewlett Packard Model HP 3311A with an external control unit to allow
very fine frequency tuning. The 1 150 volt d.c. power was supplied by two
NJE Model EA160-8 units.

6
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The piezoelectric drive crystals attached to the blades for the
present test program were of G1356 material supplied by Piezo Electric
Products. They were made of lead zirconate titanate ceramic material with
nickel surface electrodes. The elements, nominally measuring 1.0 x 0.5 x
0.010 inch, were epoxied directly to the upper surface of each blade as
close to the cuff as possible. Two drive elements were attached to the
upper surface of each blade, one above the spar and one at the trailing
edge as shown in Figure 6. These locations were chosen in order to
maximize excitations of all the bending and torsion modes of interest with
minimum disruption of the original section properties. Two wires from each
crystal were routed to terminal strips bonded onto the cuff. From these,
connections were made to coaxial cables which were routed down the drive
shaft to connect with the four channel control console via slip rings.

INSTRUMENTATION

In order to measure steady bending moments at two locations on the
blade and distributed vibratory blade response, two sets of instrumentation
and data acquisition systems were utilized. In both cases, the required
parameters were derived from the output of skin-surface mounted strain
gages.

For the bending moment measurements used to locate the tensile axis,
blade S/N 5 was instrumented with the same system of gages as was used in
the stability investigation reported in Reference 2, i.e., the gages were
mounted near the cuff in a conventional four arm bridge arrangement to
measure blade flap, lead-lag and torsional moments. The flap and lead-lag
gages were at 12% blade span and the torsional gages were at 14% span.
Additional gages however, arranged to measure lead-lag moments, were
located at 34% span. The gages were Micro Measurements type CEA-06-187
UW-350 (for flap and lead-lag) and CEA-06-187UV-350 (for torque).

The strain gage leads were routed through the center of the drive
shaft and turbine to the slip ring unit and then connected to the bridge
excitation and signal conditioning system. This system was the front end
portion of the Analog Data Recording System (ARES). This is a semi-
portable system for the automatic acquisition of static and dynamic test
data with oscillatory frequency rates from zero to 20 kHz. A maximum of 28
analog signals can be processed. Each channel incorporates independent
signal conditioning and amplification. The signal conditioners were
specifically designed for strain gage type transducers and provide
regulated excitation up to 10 volts. The amplifiers provide voltage
amplification of 1, 10, 100 or 1000, and are each equipped with low pass
signal filters with roll off frequencies of 1OHz, 10OHz, 10kHz, and l00kHz.
Signal monitoring was achieved through a single channel selectable digital
display readout which includes RMS measurement capability for averaging
dynamic signals. The excitation voltage used was 2.0 volts. The
conditioned analog signals were then digitized using a Perkin Elmer PE3220
computer controlled data acquisition unit and the steady state responses
tabulated.

7
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Calibration of the gages was accomplished directly by applying forces
and moments, using a system of weights at the blade tip, and recording gage
output with the blade stationary.

For the vibratory measurements one blade, S/N 8, was instrumented
extensively with strain gages at 16 locations for modal identification
purposes, while the other blade, S/N 5, had gages at five locations near
the root for determining modal frequencies and damping and to assess
coupling between the blades.

Pretest calculations were performed to assist in locating the gages
such that sets of gages would be sensitive to particular types of modes,
i.e.flap, edgewise or torsion, and give a reasonable estimate of the span-
wise distribution of dynamic strains in each mode.

The principal analytic tools used were the E159 preprocessor and the
coupled mode (eigensolution) calculation portions of the G400 rotor
aeroelastic analysis (Ref. 6). The E159 preprocessor portion of G400
calculates, from distributions of section properties, the uncoupled
flatwise, edgewise and torsion normal modes. Uncoupled modes are defined
to be those calculated from omitting pitch, twist, droop and precone
effects. These effects were modeled using the coupled mode eigensolution
calculation portion of G400. The mass and stiffness data, shown in Table
1, were distributed over 20 blade segments in a format compatible with G400
requirements. The node point locations for these segments are shown in
Figure 7. The flexure was located at the first blade segment, taken just
outboard of the hub. The area radius of gyration distribution along the
blade was approximated by using the torsional inertia and mass of each
segment.

The uncoupled bending and torsion modal characteristics of the blades
were determined for each of the two pitch flexures at rotor speeds of 150,
400, 600, 900 and 1000 RPM using the E159 routine. A tabulation of the
natural frequencies calculated for the first three flap and first edgewise
and torsion modes versus speed is given in Table 2. In order to obtain
coupled modal characteristics it was essential to include precone, pitch
and -enter of gravity offset in the blade equilibrium calculations. This
made J't necessary to calculate time-history solutions prior to the
calculation of the eigenvalues. The blade precone angle was defined to be
the built-in angle which the blade pitch axis makes with the plane of
rotation due to hub orientation at the root. Blade droop was defined as
the built-in coning outboard of the pitch change bearing. Using these
inputs, sample calculations were made. Difficulties were experienced with
unstable solutions resulting in excessive amounts of pitch and droop for
the soft flexure at high speed. Also the complex mode shapes shoved an
unreasonable amount of torsion in many of the modes. The frequencies
however, agreed well with those of the uncoupled analysis. Further
investigation of these problems was beyond the scope of the effort.
Therefore, all decisions on gage location were based on the results from
uncoupled analyses.

8
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The uncoupled displacement mode shapes were examined for node position
change with configuration and speed. These node excursions are shown in
Figure 7. The strain gage locations were chosen on the basis of maximum
strain for a given type of mode with minimum response in the other types of
mode. The selected locations on blade S/N 8 are shown in Figure 7 and 8.
Four locations (#1, 2, 3, & 4) along the spar were selected to identify the
flap modes. These were in a half-bridge hookup with a gage on the upper
and lover surfaces. Three locations (#5, 6 &7) along the trailing edge on
the lover surface were selected for edgewise mode identification. These
were connected in a single-arm bridge arrangement using a 350 ohm resistor
in the other arm. For torsion mode identification, three locations (#8, 9,
10 - #11,12, 13 - #14, 15, 16) were selected and a rectangular rosette,
comprising three single-arm gages, was attached to the upper surface at
each location. On blade S/N 5, the locations closest to the cuff were
gaged, namely #1, 5, 8, 9, & 10.

The strain gages selected were Micro Measurements type EA-13-250BF-350
(single gage) and type EA-13-250RD-350 (rosette). Prior to instrumentation
of the blades, the thermal integrity of a candidate strain gage was checked
in vacuum using a gage on the spare blade. The gage (type CEA-XX-187W-350
with a grid area of 0.034 sq inch approx) was instrumented with a 1 mil
K-type thermocouple connected to a data acquisiton unit. A voltage of 6.7
volts was applied across the gage in a half-bridge connection simulating
the proposed test conditions using strain gage amplifier modules. In air,

*: the steady state temperature measured was 120 degrees F and at a reduced
pressure of 100 miilitorr, the temperature rose and stabilized at 131
degrees F. It was concluded that the selected strain gages would be
suitable for the proposed testing.

Signal conditioning was accomplished using twelve UTRC designed and
built units mounted radially in the hub-to-shaft adapter as shown in Figure
5. These precalibrated units provided the half-bridge completion network,
excitation voltage (6.9 volts), signal amplication (-430) and multiplexing
switching control. (7 input channels, 1 output channel). Onboard
amplification was required to minimize cross-talk between the strain gage
signal leads and the crystal exciter supply wires going up through the
center of the drive shaft.

The strain signals were filtered, digitized and recorded on magnetic
tape by the computer controlled UTRC Aeromechanical Transient Logging
System (ATLAS). For the present tests sampling rates of from 100 to 4000
samples/second were used to cover the required frequency range. The
maximum number of data channels that could be acquired simultaneously by
the ATLAS was twelve. In order to obtain correlated data from all twenty
one strain sensors, a multiplexing system was employed. The strain gages
were grouped into three sets with three reference gages common to all sets.
The reference gages selected were at locations #1, 5, and 9. The
allocation of channels in each set is shown in Table 3. When the command
to acquire data was given to the ATLAS computer, the multiplexing switches
in the on-board signal conditioner units were set and strains were recorded
from each set consecutively as directed by the computer.

!9
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In order to allow an independent determination of modal
characteristics from the dynamic tests, analog data were obtained from the
"static" set of gages on blade S/N 5 and gage #1 on blade S/N 8. These
time histories were recorded on magnetic tape using a Bell and Howell
Datatape VR3700B F.M. recorder. A triggered pulse was simultaneously
recorded to mark the start of each transient event. The set up parameters
and channel assignments are given in Table 4.

DESCRIPTION OF TESTS

Neutral Axis Location Tests

The objective of these tests was to determine the lead-lag moment
caused by the tensile axis center-of-gravity offset without the influence
of aerodynamics.

Prior to spin testing, the moment sensitive gages on blade S/N 5 were
calibrated by directly applying forces and moments using a system of
weights at the blade tip and recording gage output with the blade
stationary. The calibration determined for the lead-lag bridge was 2.33
ft-lb/mv.

The rotor was then spun up and the output of the lead-lag bridge was
recorded at speeds of approximately 200, 400, 600, 800 and 1000 RPM.

Vibratory Modal Characteristics

The objective of this series of tests was to identify, for each of
twenty four distinct mechanical rotor configurations and four pitch angles,
t;e eight lowest blade hub-fixed natural modes in terms of strain mode
shape, natural frequency and damping values. Twelve configurations were
tested and these are listed in Table 5. The case numbers correspond to the
ITR Configuration II-A cases with subcases indicated by (a), (b) or (c)
relating to the pitch angle used. Three pitch angles were tested (-12, 0
and 12 degrees). In general, data were recorded for the first three flap
(1F,2F,3F), first edgewise (1E), and first torsion (1T) modes at the zero
speed condition and at 1000 RPM. Data at intermediate speeds were recorded
for two basic configurations.

Initial tests were performed to determine the optimum phasing of the
drive crystal signals to excite all the required modes and in particular,
the differential edgewise or lead-lag mode. The collective lead-lag mode
was not intentionally excited.

The procedure to obtain a data record required the rig to be first
stabilized at a specified speed. Then the crystals were energized at a
specified voltage level and phasing. To find the system frequency, a
responsive strain gage channel was monitored visually on an oscilloscope as
the exciter frequency was swept slowly about the expected frequency of
interest. When It was seen that the blade response was at a maximum, other
gages were switched on and observed. By noting their amplitudes and
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phasing, the mode excited could be identified. At this point, the
excitation was switched off and data for one set of gages were acquired and
recorded on magnetic tape. Data from the remaining two sets of gages were
recorded for the identical conditions in the same way. Table 5 shows the
order in which the tests were performed giving the configuration, speed,
record number of each datapoint and the modes for which data were obtained.

Throughout the test program, a problem in the vacuum rig drive train
caused an undesirable one-per-rev excitation which contaminated the crystal
generated transient response data. The rotor response characteristics were
composed of one-per-rev and higher harmonics, not only in the lead-lag
torque mode but also in the flap and torsion modes through coupling.
Particular difficulties were experienced at speeds where natural frequency
order line coincidence occurred i.e., at 600 to 800 RPM (edgewise and
torsion modes) and at 1000 RPM (torsion mode). It was later determined
that a possible source of the roughness was a slightly damaged squeeze film
damper bearing.

Following the tests on the spin rig, the dynamic gages on blade S/N 8
were calibrated in a bench test, by statically loading the tip of the blade
with a series of forces and moments. The resulting sensitivities at each
location for flap wise, edgewise and torsional loadings are given in Table
6 Rotor configuration was configuration #1 with zero pitch.

DATA REDUCTION

Vibratory Modal Characteristics

Data reduction programs, as described in Appendix A, were used to
extract the natural frequency, damping, amplitude and phase from each
recorded strain response time history. These results were then compiled
and presented in tabulated form as shown in Tables 7 to 35. Because of the
large number of time histories (nearly 4000) to be processed, certain
rejection criteria were written into the program to remove obviously
anomolous response data. The removal is indicated by a zero value in the
amplitude and phase columns.

Inspection of the dynamic strain gage post-test calibration as shown
in Table 6 indicates an obvious inconsistency in the sense of gages #1, 2,
3, and 4 with the convention that tension is positive for each gage. These
gages were the only ones connected in a two-gage half-bridge configuration
which accounts for the sense change. In the data reduction therefore, the
signs of the conversion factors used for these gages were changed.
Examination of preliminary results for mode shapes indicated that the sense
of gage #8 was incorrect although no cause could be found. However, to
make the mode shapes as tabulated more logical, the sign of the conversion
factor for gage #8 was also changed.

11
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DISCUSSION OF RESULTS

Neutral Axis Location Tests

The millivolt readings were converted to measure moments using the
previously determined calibration factors. In order to relate these
results with those measured statically by Sharpe in Reference 2, the
equivalent tensile loads applied at the measuring section were determined
for each of the speeds using the given weight distribution (see Table 1)
for the blade. The measured moments are shown plotted against these
equivalent tensile loads in Figure 9. The speed scale is also shown for
reference. The "best fit" line through the static results obtained by
loading the blade with radial forces applied at the quarter chord point at
the tip as shown in Figure 49 of Reference 2 is also shown in Figure 9.

As can be seen, the slopes of the static and spin test results are
essentially the same indicating that the methods are equivalent. Thus the
determination of the tension axis location described in Reference 2 is
valid.

Vibratory Modal Characteristics

The measured modal parameters (frequencies, damping and strain mode
shapes) for the five modes and for all the test configurations and speeds
are tabulated and presented in Tables 7 through 35. In each of these
tables, the natural frequencies for both blades are shown. The mode shapes
have been normalized with respect to a reference gage appropriate to each
mode. The reference gage number and the normalizing factors (amplitude and
phase) are shown at the bottom of each column. By normalizing on the same
gage in each multiplexed set of strain data and relying on the fact that
each time history was recorded at the same point relative to the input
signal, a set of correlated values for all gages on the rotor Is obtained.
The results for blade S/N 5 are normalized separately and shown in a
separate column in each table. The phase angles within j 10 degrees of 0
or 180 degrees are rounded off to either 0 or 180 degrees respectively.

The natural frequencies for all configurations and at all speeds are
tabulated and shown separately in Table 36 through 40. Variation of the
natural frequencies with respect to rotor speed is represented in Figures
10 and 11 for three selected configurations only (Configurations 1(a), 2
and 6 (c)). Refer to Table 5 for the definition of each configuration.
Strain mode shapes for each mode in these three configurations are
represented in Figures 12 through 17.

The following observations are made with reference to the figures and
tables discussed above:

Some results from the experiments, while confirming certain features
that were expected, also help establish the validity of data. For example,
the frequencies of flap modes increase significantly with rotor speed,
whereas the frequencies of torsion and edgewise modes are less sensitive to
speed. Similarly, flexure stiffness influenced the torsion mode frequency
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more significantly than the bending mode frequency.

Modal strains have been normalized with respect to an "appropriate"
reference gage selected at the start of the program for the purpose of
correlating the three multiplexed sets of data. However, the complexity of
strain distribution in the higher order and/or highly coupled modes causes
other gage locations to have higher output at times. Therefore, the
tabulated data and the graphical presentations occasionally show normalized
strains larger than 1.0. This can be seen in Figure 17 where large
edgewise strains influence the coupled "first torsion" mode.

Large edgewise strains are evident in the first torsion mode at high
rotor speeds. These strains are two to three times the magnitude of the
reference strain (gage #9). These strains appear to be larger for the
stiff flexure configurations. During the tests, difficulty was experienced
in exciting distinct modes around 800 RPM. This is where the predominantly
first torsion and the predominantly second flap modes coalesce.
Examination of Table 10 indicates that the modes at 48.5 and 49.4 Hz shown
in Figure 10 are essentially the same i.e., a highly coupled second flap
mode with a large first torsion component. Apparently, the first torsion
mode was not sufficiently excited and consequently, was not recorded.

The measured second flap and first torsion modes are not pure modes
and this feature is evident even at speeds removed from that at which the
frequencies coalesce. For example, at 600 RPM the nominal second flap mode
contains 27% torsion and the nominal first torsion mode contains 114%
bending strain content. These reach 118% and 70% respectively at 800 RPM
and continue to maintain this highly coupled nature at 1000 RPM.

Structural damping measured in all the modes was found to be low (less
than 1% critical).

CONCLUSIONS

Basic vibratory characteristics have been measured for the two bladed
helicopter rotor blade system under carefully controlled laboratory
conditions. The vibratory strain and frequency data taken over a range of
speeds up to 1000 RPM for several combinations of precone, droop and
flexure stiffness can be used to calibrate structural dynamic analyses
codes. Strong coupling exists between modes (especially between torsion
and flap modes and edgewise and flap modes) and the influence of this
coupling in terms of forced vibration, as well as aeroelastic stability,
could be significant.

Vibratory strain distributions at speed are quite different from those
at rest indicating the need to calculate mode shapes at speed accurately so
that reliable calculations may be made to determine the susceptibility of
the rotor to aeroelastic instabilities. It should be noted that strains,
not displacements, were measured in this program and therefore, it would be
necessary to calculate displacements from the strain surface and/or measure
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the displacement field directly. As the blade displacements constitute an
important input into any aeroelastic stability calculations, it would be
desirable to have a data base of displacements for the purpose of direct
calibrations of structural dynamic analyses.

It was found that the frequencies of the two blades were slightly
different from each other. Therefore, one blade could be excited at its
resonant frequency while the other is slightly off resonance. This tends
to make excitation of rotor modes difficult. Studies need to be undertaken
in regard to determine whether the aeroelastic stability of a rotor could
be improved by deliberately mistuning the blades.

The quality of data taken in this program is somewhat influenced by
the presence of an extraneous one-per-rev excitation that could not be
eliminated since it would have required complete disassembly of the rig.

It was shown that all modes of interest of the rotor could be excited
through the piezoelectric crystal excitation system and therefore the
system represents a reliable and accurate method of inducing vibrations of
similar components in an experimental program.

Tension axis tests at speed have confirmed that the modulus-weighted
centroid for the nonhomogeneous airfoil is slightly off the mass centroid
and validate the static method of determining the tension axis location
described in Reference 2.

14

- ", ~~~~......................... ,...... ....... .... ..... .,-. ,., -.- ,



APPENDIX A

DATA REDUCTION PROCEDURES

The reduction procedures for the vibratory strain response data from
the model rotor tests in the vacuum spin rig test facility are presented in
this appendix. The strain response data were recorded in digital form on
four separate magnetic tapes by the ATLAS data acquisition system. These
data contain twelve different rotor configurations derived from two
different pitch flexures and various pitch, droop, and precone angles. For
each configuration, the rotor speed was varied between 0 and 1000 RPM. and
at each rotor speed, the two blades (designated as blade number 8 and 5),
were excited at each of their first five natural frequencies by
piezoelectric crystals. Detailed parameters for the configuration, the
rotor speeds, the fundamental modes, the record numbers, and the tape
numbers are summarized in Table 5.

The strain responses at various points on the blade surfaces were
recorded by twenty-one (21) strain gages. These strain gages are grouped
into three different sets as shown in Table 3. The bridge configurations
and conversion factors for each strain gage output from voltage to
micro-strain are also presented on the same table. It was found that a
total of approximately 4,000 strain response signals needed to be
processed.

The data for each multiplexed set (or mux') were taken at three
different instances in time and common reference channels were established
in order to correlate these data. The amplitude and phase angle from one
of the three common channels (or common gages) were used as normalizing
factors in the presentation of mode shape results.

In the sections which follow, the four steps involved in this strain
data reduction are presented. They are: (1) modification of existing UTRC
modal analysis computer programs (2) preparation of the run-point
specification input files (3) evaluation of the frequency and damping
results for all cases, and (4) compilation of the mode shape results for
all cases.

15

S

6 .*q ''. '. " "I . . ". "- . . .*• . . " . . .- * . . ' - '" - - ' .



Modification of Modal Analysis Computer Programs

The existing UTRC modal analysis computer programs were updated for
extracting the modal parameters from the strain gage responses described
above. Figure 18 depicts the program logic established for this analysis.

The strain response data were sequentially recorded on magnetic tape.
In order to retrieve and process a specific record from these tapes, the
computer first reads a set of the run-point specifications from a input
data file. Detailed discussions of this input data file are given in the
next Section. In this input data file, if the run number (which is also
called record number in this report) is zero, the program goes back to read
another set of the run-point specifications. If the run number is less
than zero, the program stops. This setup provides a high degree of
flexibility in executing the program using the same input data file. If
the run number is greater than zero, the computer searches for the same run
number from the magnetic tape. If the run number on the tape matches that
given in the input data file, then the two modal analysis programs are
called in to perform the modal parameter estimates. The algorithms of
these two modal analysis programs are described in Figures 19 and 20,
respectively.

Due to a large number of time histories involved in this study, two
different techniques were used for different purposes. The first one,
which is based on the complex, exponential, modal curve fitting algorithm
(Figure 19) is used for processing the data of the reference channel only.
The second technique uses the FFT frequency spectrum interpolation formula
(Figure 20) and is applied to all channels except the reference channel.

In Figure 19, the x(t.) represents the time histories to be
analyzed, and curve-fittedJby an analytical formula represented by Y
(tj). The data point index j varies from 1 to N (number of points). Y
(t ) is essentially a summation of several damped harmonic wave forms
containing four parameters for each mode. These parameters are the damping
value (4m) the frequency (27rfm ), the sine and cosine coefficients (Am,Bm),
where m is the mode index varying from 1 to NM (number of modes). The
analytical values for Y (t.) are obtained through a least squares curve
fit between Y (tj) and X (4L) for all data points.

J3
When the FFT program is executed, an amplitude plot will be obtained

as shown in Figure 20, and a phase angle plot (not shown). The frequency
resolution of the FFT spectrum will depend on the sampling rate (fs) and
the number of data points used in the FFT analysis. The true frequency
(f), true amplitude (A), and true phase(4) may be located between any two
frequency bins fuand fu+l.The formulas used to compute these true modal
parameters for the boxcar window are presented in the same figure.

The time domain modal curve fitting (MCF) has proven to be a very
reliable and efficient way of extracting the modal frequency, damping
value, amplitude and phase angle from a transient response signature.
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Although the UTRC modal curve fitting program can fit up to four modes from
any time histories, a bandpass filter was also used in conjunction with
this MCF program to isolate only the principal mode of interest.

Because the damping value should be the same for all gages in the same
mode, the MCF program is used only in processing the data of a reference
channel. For the mode shape information, the FFT spectrum interpolation
formulas shown in Figure 20 were used. These formulas have been used in
many studies and have proved to be very efficient and reliable. By
properly combining the MCF and FFT spectrum interpolation algorithms, it
was estimated that a net saving of approximately 80 percent of computer CPU
time was achieved.

Input Data Files of Run-point Specifications

In order to run the modal analysis computer program, an input data
file for each configuration under consideration must be prepared. Figure
21 shows an example case of this input data file. In the input data file,
the run number, the mux number, the plot option, the excitation frequency,
the bandpass filter cutoff frequencies, the reference channel, the data
length to be used for modal curve fitting, the time window function (for
this study the boxcar window is used), and the channels to be processed are
specified.

Execution of this computer program can be either in active mode
(primarily for obtaining the time series and FFT plots) or batch mode by
simply assigning a value of 0 to 1 or the IOPT parameter. IOPT - 2 is
assigned if only the reference channel is of interest.

In assigning the bandpass filter cutoff frequencies, we have
considered the excitation frequency, the data length, and the sampling rate
used in obtaining the digital response data. These relationships are given
in Table 41. The bandpass filter is used not only to isolate the principal
mode for obtaining a filtered time series from the reference channel for
modal curve fitting, but also is used for specifying the frequency range
for FFT spectrum interpolations in the remaining channels.

It was found that some gages often have very high noise-to-signal
ratios. Sometimes, there exists a very high peak near the principal mode
in the FFT spectrum. In these cases, the bandpass filter assignment is not
enough for rejecting the noise. It would require some additional
specifications, such as the actual excitation frequency, or the number of
the mode to be considered in the modal curve fitting program. These are
provided through the input parameters of "HURZ" and "NM".
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If a data array contains zero values throughout the entire time
history, the program will print out a message and skip that channel. If
the FFT spectrum contains no apparent peaks inside the bandpass filter, the
program will print a different message and also bypass that channel. In
either case, the amplitude and phase in the mode shape table are replaced
by zero values. If the amplitude and phase for the reference channel are
zero (either no signature or no apparent mode within the bandpass filter),
the program will search for a maximum amplitude in the mode shape table and
perform modal curve fitting on that channel to obtain the damping value
estimate.

Evaluation of Frequency and Damping Results

The UTRC modal analysis computer programs can provide graphic outputs
(Figures 22 to 24) as well as tabulated results (Figures 25 to 27). In the
early stage of this data reduction, efforts were concentrated on checking
the calibration constants used in the data acquisition system, and those
recorded on the tape for the baseline case (Case 2 of Table 5). The plot
option was turned on to obtain all plots for the time series, FFT spectrum,
the input signals and results from the curve fitting program.

The frequency and damping estimates for the baseline case were
carefully evaluated through cross examinations of the signature and the FFT
plots (Fig. 22), and the inputs and results of the curve fitting (Fig. 23),
and the ATLAS tape dump( Fig. 25). Some minor errors were discovered in
the ATLAS data acquisition system software, but they were corrected through
the data processing programs later.

Figure 22 shows a typical strain response time history and its FFT
spectrum from channel 1 of record 588. The test condition, the date, the
rotor configuration, and the sampling rate used in obtaining the digital
data are clearly indicated. This represents one of the better signals
available for analysis. It was found that the small peak appearing at 20 Hz
on FFT plot had caused some disturbances in the time series plot. However,
when the bandpass filter is applied, the filtered time history, shown in
the upper frame of Figure 23 became much smoother. The lower frame of the
same figure shows the curve fitted results, which agree very well with the
inputs. Figure 24 shows the strain response from channel 5 of the same
record. It can be seen that this signature contains a substantial amount
of noise. The modal analysis algorithms described above were able to
extract the modal information without any difficulty.

In addition to the above output, the program also provides three more
outputs as shown in Figures 26 to 28. Figure 26 gives detailed lists of
the modal curve fit and the FFT spectrum interpolation results. In the
modal curve fitting, the frequency, damping, amplitude, and phase angle
were estimated simultaneously. In the FFT spectrum interpolation, only the
frequency, amplitude and phase angle were estimated. At the end, a summary
of the modal analysis for that particular record (run) is printed.
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Compilation of Mode Shape Results

As mentioned earlier, a total of 21 gages were used for obtaining the
strain responses for the two blades. These gages were grouped into three
separated sets. Figure 27 shows how the results are correlated for
obtaining the mode shape information. Because only the channel number can
be specified in the input data file instead of the gage number, special
care was made to separate those gages from blade S/N 8 and blade S/N 5 in
the third set. After that, the amplitude and phase angle of the reference
gage in each mux were used as references for obtaining the normalized mode
shapes. The frequency and damping values listed in Figure 27 are the
averaged values obtained from the three separate records for a reference
gage on blade SIN 8. For blade S/N 5, the damping value was not calculated
and only the frequency value is tabulated.

An output data tape was also prepared, which contains the processed
results as shown in Figure 28. The tape is written in ASCII format and has
a block size of 80 bytes.

The data are organized in accordance with the run number. For each
run record, there are two groups of data. Group-i occupies only one data
block and contains the data for the record number, the mux number, the
number of channels to be included in Group-2, the frequency (Hz), the phase
angle (degree), the normalizing amplitude (micro-strain), and the reference
phase (degree) in that order. These data are written in a FORTRAN format
of (3(1X,I4), 4(IX, E14.8)).

Group-2 will occupy several data blocks depending on the signal
condition for each channel in the same record. The parameters presented in

*. this group are the channel number (not the gage number), the normalized
amplitude, and the corrected phase angle with respect to that of the
reference channe]. These are written in a FORTRAN format of (2X, 14, 2(2X,
E14.8)).
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TABLE 1 ROTOR SPANIISE DISTRIBUTION OF MASS PROPERTIES AND STIFFNESS

Blade E1 E1 GK I

Station Weight lb-in lb-in lb-in lb-in .c/in

(in) lb/in 106 106 106 106

.701 .292 20.0 20.0 19.6

.725 .292 .161 .199 .000327

.813 .292 .161 .199 .000327

.813 .0115 .161 .199 .000327

1.415 .0115 .161 .199 .000327

1.415 .303 .161 .199 .000327

1.539 .303 .161 .199 .000327 .543

1.539 .560 .161 .199 .000327 .543

1.626 .560 .161 .199 .000327 .543

1.651 .560 21.9 21.9 19.6 .543

1.665 .560 21.9 21.9 19.6 .543

1.665 .713 21.9 21.9 19.6 .543

1.726 .713 21.9 21.9 19.6 .543

1.726 .558 27.2 27.2 19.8 .494

2.101 .558 27.2 27.2 19.8 .494

. 2.101 .295 18.2 18.2 7.28 .165

2.301 .295 18.2 18.2 7.28 .165

2.301 .149 .300 30.3 1.80 .213

2.401 .149 .300 30.3 1.80 .213

2.401 .136 .242 21.8 1.66 .213

3.601 .136 .242 21.8 1.66 .213

3.601 .0193 .00589 .120 .00177 .0179

37.851 .0193 .00589 .120 .00177 .0179
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TABLE 2 CALCULATED BLADE NATURAL FREQUENCIES (Uncoupled Modes)

Frequency Hz.

Speed Mode:
Flex RPM 1st Flap 2nd Flap 3rd Flap Ist Edge 1st Tor.

Stiff 150 5.92 32.61 89.38 22.44 38.93

Soft 150 5.90 32.51 88.99 21.76 32.03

Stiff 400 9.23 36.62 93.62 22.69 40.77

Soft 400 9.21 36.51 93.22 21.99 33.90

Stiff 600 12.50 41.77 99.44 23.05 43.33

Soft 600 12.48 41.66 99.03 22.33 35.97

Stiff 800 15.92 48.04 106.99 23.54 46.09

Soft 800 15.90 47.91 106.55 22.78 38.22

Stiff 900 17.66 51.46 111.29 23.33 47.51

Soft 900 17.63 51.32 110.84 23.04 39.39

Stiff 1000 19.40 55.01 115.89 24.15 48.98

Soft 1000 19.36 54.87 115.42 23.33 40.57
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TABLE 3 STRAIN GAGE CHANNEL ALLOCATION AND CONVERSION FACTORS

Mux Channel Gage Blade Bridge Factor
No. No. No. No. Configuration for p€

1 1 1 8 1/2 -321
1 2 2 8 1/2 -321
1 3 3 8 1/2 -321
1 4 4 8 1/2 -321
1 5 5 8 1/4 +642
1 6 6 8 1/4 +642
1 7 7 8 1/4 +642
1 8 8 8 1/4 -642
1 9 9 8 1/4 +642
1 10 10 8 1/4 +642
2 1 1 8 1/2 -321
2 2 11 8 1/4 +642
2 3 13 8 1/4 +642
2 4 14 8 1/4 +642
2 5 5 8 1/4 +642
2 6 15 8 1/4 +642
2 7 16 8 1/4 +642
2 8 -- 8 1/4 +642
2 9 9 8 1/4 +642
2 10 12 8 1/4 +642

3 1 1 8 1/2 -321
3 2 -- -- 1/4 +642
3 3 5 5 1/4 +642
3 4 8 5 1/4 +642
3 5 5 8 1/4 +642
3 6 9 5 1/4 +642
3 7 10 5 1/4 +642

3 8 -- -- 1/4 +642
3 9 9 8 1/4 +642
3 10 1 5 1/2 +321

Parameters assumed constant for each module or gage:
gage factor - 2.1, excitation voltage = 6.9, module gain = 430

- ,' °.. , °, % % .'% .' , . , . ,.'.. . , - ,... ., , . , , , . . . . , . , . .



TABLE 4 FM TAPE RECORDER SET-UP

Input Output Band
Volts Volts Width Paramater Blade

Channel pk-pk pk-pk Hz Assignment Mode

1 4.0 1.414 5 BL5 GAl ARES Cal Flap

2 3.5 1.414 5 BL5 GA2 ARES CH2 Edgewise

3 2.0 1.414 5 BL5 GA3 ARES CH3 Torsion

4 3.5 1.414 5 BL5 GA4 ARES CH4 Edge 0/B

5 8.0 1.414 5 BL8 GAl ATLAS CHi Flap

6 7.0 1.414 5

7 4.0 1.414 5

8 7.0 1.414 5

9 5.0 1.414 5 One per Rev.

10 5.0 1.414 5 Transient Pulse

11 1.414 1.414 5 Cal Signal 1 kHz

12 1.414 5

13 1.414 5

14 Voice 1.414 5 Voice



TABLE 5 TEST CONFIGURATIONS AND MODES ANALYZED

ITR Configuration Rotor Modes Record Tape

Case Flex Pitch Precone Droop RPM Analyzed No. No.

l(a) Stiff 0 0 0 0 1F,2F,3F,1ElT 7-112 2
400 IF,3F,1E,1T 202-216 2
600 IF,2F,3F, E,IT 218-233 2

800 235-251 2

1000t 254-272 2

l(b) Stiff 12 0 0 1000 301-316 3

680 1F,2F,3F,IE,IT 317-334 3

5(a) Stiff 0 0 -5 0 401-418 3

1000I 419-439 3

5(b) Stiff 12 0 -5 1000 440-459 3
0 1F,2F,3F,1E,1T 464-478 3

6(a) Soft 0 0 -5 0 1F,2F,3F,IE,1T 479-496 3
410 1F,1E 521-526 3

710 1F,2F,1E 512-520 3
1012 1F,2F,3F,1E,1T 497-511 3

6(b) Soft 12 0 -5 0 2F,3F,1E,lT 527-541 4
1000 1F,2F,3F,1E,1T 542-559 4

6(c) Soft -12 0 -5 0 558-572 4

1000 573-587 4

2 Soft 0 0 0 0 1F,2F,3F,1E,1T 588-607 4
775 1F,2F,1E,1T 626-637 4

1000 IF,2F,3F,1E,1T 608-625 4

4(a) Soft 0 5 0 0 1F,2F,3F,1E,1T 638-652 5

1000 653-668 5

4(b) Soft 12 5 0 0 670-686 5

920 5

-1000 687-703

3(a) Stiff 0 5 0 0 704-720 5

1000 721-735 5

3(b) Stiff 12 5 0 0 751-768 5
1000 2F,3F,1E,IT 736-750 5
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TABLE 6 POST TEST STRAIN GAGE STATIC CALIBRATION

STRAIN GAGE SENSITIVITY

Gage/Loading Flap 4±c/lb Lead/Lag pe/f t.lb Torsion itc/f t.lb

Tip Up L/E Forward L/E Up L/E Down

1 1304 -8 -87 20

2 1023 -4 -105 2

V3 698 1 - 66 - 11

4 381 1 -101 - 151

5 201 201 -109 - 140

6 89 160 - 48 - 127

7 92 140 35 22

8 -1124 43 319 205

9 - 480 35 1498 1725

10 135 -15 9 13

11 - 752 22 131 105

12 - 329 118 1795 1616

13 132 - 9 22 92

14 - 219 6 57 61

15 - 88 - 7 1169 1655

16 41 - 2 44 44



TABLE 7 MODAL PARAMETERS FOR CONFIGURATION l(a) AT 0 RPM

RODE. IF, RpH. 0- fREQUENCV. 5.21 "1 IBLADE 6), 5.35 HZ (&LADE $1, DAMPING- 0.64 2

RECOtO~ 40 ? aCR~

IT-Tf 011IUSR,l I Srsj~~lj(OF" SG A"INUT I ASI

1.g A99 88 .0 1 1.000 0. 0.800 0.0

ij, 1:2 .0: i :o 8800 j :000 0.0 
~ 88 8: 0 :8 0:0 .0 - 8 8:8

0.80 0.000 Q: a 0
56 1 ST ?* 153 1 3.06 169 1 3.6 11.0 1 6.6 293.08:

NOD. h 5M. 0: 00
0

E Y 3 .0 (LAIS . 3300 ai ( AD 1i, 0A N 0.63:8
aEON 19L 69 :0 NU OLD ) 8:8I(LD5

0.0:0 8: 1 0000 0.0 0.000 0.0 0.0E
4F I 3b-.0 12538:.78 1 06. 10.5*5 160.00.00 1 662 8:8.

ADDE- ~ ~ 1 2.0, 0P- 0 ROEC-3 . 0 NZ (BAE$s .00 m BAE5, DAPN,06

14 1:~ 1 6: A 8: 8to8 a,~ It 9:~ a,8:8

A go~ 0.0 1 0.301 0 0 0.00 2:~ :
10 001 6. 00 60.0 0.0000 :0 ~ ?: 8:8

~~~P~ 1 3N39 3*.I0 1* . 377 * . i . 2 ]

.0 1 0:.00 16. 0*0o .0
8~ 3 1 8? 16 o 8 1 7.01 970.2 -~ * 00.0 8:88 8:
~ 3 ~ 0. 3 0.00 0.8: :

0 000:0.00 so102 .0

.00 0. 12 1 0.00 8: - :8 88'F 1 .0080 0.0 It 1.000 0.0 1.0 0.080 1: 1.503 66.

NMk)E- 3F, SPM- 0. FREQUENCY- 91.41 NZ (BLADE 01, 90.81. HZ (BLADE S), DAMPING. o.So I

atL CoRD No. 15 N 3 WORD

16 P PI G AMP p..s $Go AMPN pws SCa AMP g
fluX R' SYN P H1 S0O, INU-S R,41 (DEG$ U-uS IRN I(016) (PIU-STNN) (DUGI

1 0 .00 0.01 0:00 000 00 .00 0.0

i S 9b O:?O? 0.0 07 .se 70 : 00 -3ZO 9 3? .020
4 16:0? -s, 13 0. 00 0.0 - . as 8:8 1 S . 9 8:8

0.9 13. 1 04 8

13 80) 00 1 0 .00 0. 0 0 0 8: ,1 1.0 0 0.0
IF 1.000 0.0 1.000 0.0 1.000 0.0 1 1S.797 -68.2

M DE' 11. RP1M. 0, FREQUENCY- 240 Hl (BLADE 61, 2N4.03 MI (BLADE 51. DAMjPING. 0.65 Z

SE0L O. 104 SECOND 0 11 S ECOND NO. 1A,
SU GL Si SUE 2 1110 i SUN I"oLD "65*0mla11

169 A10P4 lPHS $GI PAMPV I $GO AM1P" p43 $Go AP ~
(NU-575N (OGI .(SG INU5TN i MIR6

0 .~ 008:O 38 8:88 1:
0: 63 1*.) 00: .0 N 18.

0.30i -9:8 15: 2:131 8: r ': ~~ 0 20

03106 0.01: 16 U:0 8. 8 a: 8 16.0
0. .0 08 00

0: 31. - 0. 9 3191 -5. 2.1 13. .e8-2

o 0 S 0.00 0.



TABLE 8 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 400 RPM

(ODE- XFt RPkM- t0, FREQUENCY' 9.53 HZ ISLADE 6I 9.6f HI (BLADE 5) DARPING- 0.22 XRECORD "i, 720 RECORO 3 RECOR0 O.
RUXI |LRECO RDD81NU 3% R e UA3 (|LD

Ma_ INJ'SL 61HU) A5it'. ? mflcs! 7
SG# AMSP PH$ SGO AMP PHSIG ACM LfP P S SCM p~

PRu-STtk4 IOEC) EGu-STRNI IEMU-STAN IS U-T NI

1 1.000 0.001 1. 0 0
3 . 0. 0I :88 8:8 .000 .0 8:80000 8:00
3 0:1 -1 :00~ 8:848 88 0.00. SO :
S 0* 1317 04 18.1.8 I88:q - o139 16830
0.1 16 0 0.000 0.0 :165

S0, ..,1, o10o 220 .:0
S8:6o:, 8:88 8:8 .000 0.00 .S 10

9 .b - O: 90.3O90 O0.O 0,010 " 0:g 0 8:: 82 .'0oo ~ o
0O6 180.0 12 81 0O 1 .1 .00 0.00

O11F I LI 69 -65.9 1 8.925 L4.4 1 12.822 .171.5 1 S.?#6 6.5

RODE- ZF RPM. 400, FREQUENCY- 36.69 HZ IBLADE 01, 32.30 HZ fBLADE $1, DAMPING. 1.39 2

RECO Do. 205 RECORD410 20b IECORD NO. 2?7 aco O. 207
UX 3 8OLO MUX 3 *SL

$G M LrP PH$ SGI AP PgS GP

EMU-Stfh OEI (RU-STR E IN0 DEG) If--S A S-N) 506)

II1 1:000 0:0 .0000 0.0o:oO 8: : .8:0 000 0. a 0: 1:8S :t : ISp 0.1 0.000 0.) 1.oo 168:8
2:38 150:0 -0.000 0.3 a 1.731:

O us
0* 0.0 0.00 9.3 1.07 .160 .0

- - 0.00
0 .00 9 0607 160.:1 0.000 8:8

10 5 168.8 1 0.3 10.0 0 0.000 0.3 1 0.000 0.0

IF L 24.9t3 159.9 1 2?.328 -171.5 1 1.176 21.9 1.000 0.0

4ODE- 3F- RPA- 400. FREQUENCY- 95.89 HZ 4BLADE 8)9 96.13 H (BLADE 51@ DAMPING" OS I

RECORD 20 ECORD 0NO. 209 RCO RECOID NO. 210
RU_ I _LU $I RUE 2 LO SI RU 3 SOLD SRUE 3(LO 1I

1E LISP PUS G(U *Mp PHS IS S AP PHI SGM AMP P
(Ru-SRNI I OE SRU-$TRNI (DEGI IRU-STRN) a I Go

..O~ 0.0 1 1.000 0.0 1 1.000 0.0 . 0
110.0o, 0 .o83 160.0 0:000 0. - 8 8:8.8:i+ I,*~ o. 01.0 - o:o88 0.0100.0 13 0:16 a a

L10.09 0.800 10.0 90 08~~-~ 18: .0 .0
10 0:16.0 1 160.0 -0.000 0.0 91 :82 .

o., 3i 3: 0I O0.0 o 0ooo .D 1 -14l+:+;+000 0.0i+0o0 .

011F 1 1.17 -13?b 1I o.,+1 -109.9 1 16.305 -116.5 1.000 0.0

RODE' If, RPR- 400. FREQUENCY- 24.30 HZ IBLADE Bi, 24.35 HZ (SLADE 5O DAMPING. 0.61 2

ItOD4621RECORD4 NP2 RECI NO-N 23 RECOD 308. 113RUEI 2 (SLO M RRUX~lu SLBD !RU I U IBLD 81 RUN X L

$G5 INI PPHS SGI A PHI SM LIP PHI SGC to, P S
IE G STRN) 51 (SU-STRNI (DEGO Mla-S )

1 0 o.00~ 00 -8888~000 0.0 1 070 0.0 00 .0~ 0 :2 0.Do0 0.0 0 :00.0019 *9. 0.036 160.0 - : 6 1.0o 0.027 3. f:8 8 0 to .00 8: , o.o,, -: - :
: 0? 00.0 16 .023 51.5 1 :888 8:8 i

: -0:o.o 81:-,0. T o.,8,. ' 88 $: 0
10 !:0? 136.0 IZ 0.24 :? .80 1 .0 0 :.0

I F 5 17.50 -22.1 5 29.2*5 -61.6 5 2L.394# -4y.? 5 15.936 130.3

RODE- IT RPM. 400, FREQUENCY. 45.00 HZ (BLADE 61, '?.59 HI (BLADE S11 DARPING. 0.S? t

,,coRD(4 ,0 1 RECORD U. 211 RORD . b ,.
--------------------; " -- ---I ,, ,$s X-;'- -$---"6 k$YN) 101" IMU T DIZ-TSN (MUI

ScMLISP P AllP , PH O P $o,,|
TM-lM (CO S R E IR I INE, I0D1G61WPRM lop-tftM

1 0.095 160.0 1 0.12? 160.0 1 0.096 -?2.S - 0.000 0.0
a 030 oo .0 1 1008 ,8:8 8:880 - ,0 0 9 1o.o ,0.6 .0.000 0.3-:

:5 " : 1 :2.. a. 05 10-3o ,-10
52~ 0.: 11~88 ~u - 0 0::8 21., 826? 0 0.0 10 to.

1o M.Z'° 168:8 12 0:982 0o 0.o00 0.) 1 0
IF 9 9.40 -75.6 9 9.737 -103.5 q 10.220 -3.? 9 1.621 106.3



TABLE 9 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 600 RPM

MOOE* IF, RPM1 6009 FREQUENCY. 1Z.75 #62 (BLADE bit 12.'* H92 (BLADE Sit DAMPING- 0.14 Z

RECORD NO axe RECORD No. R19 .6 CO NO. 220 RECORD N O
M.5M I (I I MUg 2 ,oLD MX 3U 3 (IL

SGI A P PA S DECI G P S SGC AMP 99( 
G

_I (NU-ST BEGI SG, U-STI.) IDEG) S.iMU-S RN) IDEG) 4"U-STR I tDIG,

SI OV 0.0 I1 1.000 0.0 1 00 O.D11 8 0 :~: 0:0000 a 0 ~ 8 8:80,99 o. oo, ,ot :; :

i ! a 4 9 8:8 14 0:.01 80101 0 0:000 O:0 16 3:' 8.83 a8'.O 0: 0 0.0 - 0.000 . i , 819:88 "1' 0.o 9~ -6 o.0oo 160:0
.0 a:8 - 0.000 0.0 0.000 . 4 1

:80:000 0.0 00.000 :8
tj 0.532 160.0 9 :2 0.0008.82:10 160.0 O.OO O.O 0.000 0.0 1::

mF 1 25.221 -176.6 1 29.721 1
3
1.Z 1 16.094 -131.3 1 5.930 -101.0

MODE- 2f, RPM. bOO. FREQUENCY- 4Z.37 i ( .BLADE St. 4Z.69 HI (SLADE Si. DAMPING- 0.53 Z

RECURO Me. 221 :&CORD ND. 2Z2 RECORD NO. 23) O23
MUg 1 (MLI 6) Ku 2 I.D Si MuM 3 (1A 80 R"T 26 1U

SG AP $S SCM AP VMS SGS AMP P94 SGC AMP PgS
aM-TN G1~C MUS RNS (0161 1MUS TAN a DEG' (AU-STN It lot

1.000 0.0 1 1.000 0.0 1 . 000 00
:O3 eO.c I1 0:206 - 6 oo000 :8

3:1'1 3 0.00 0. 0.800 8:8
160.0 1* 0.349 !60.0 0. 0
:5 .. 1 5 6.09 6 4.. 5 6:6931:3 oz is , too 0 - D : 8800: :1,6 -0. 00O.O 0.0 00 00 0:0

5 0:327 160.0:~0 0:! 0A~q 000 0. 00 -

0.00:4 11 51 -9 041 6 8:88 8:8-so: 0.ooo -5: .7 o . -17o.o o o: 8:8
18 .2 180.0 12 0.000 0.0 - 0.000 0.0 1 1. OO 0.0

NF 1 25b42 1693. 1 14.083 -170.2 1S.879 110.5 1 6.83? 207.2

%ODE- 3F, RPM- bO0 FREOUENCY-101"95 H1 (BLADE S1, 101.34 HZ (BLADE $1, DAMPING. 0.54 z
RECORD 40. 224 RECORD N W. 2 RECORD N. O1?
MUg 1 (iLO B) MUM 2 (S.D 6/ MuM 3 (SLOl 5U) ) Il

SG £9P p.S t l SC AMP" p DEG I SCM AMP PHs SG ANP INS
MU-S R IDECI (Au-R IuSTRN) (DEGI tU-SRNI (D-Gl

1 1.003 0. 1 100 .0 1 .00 0.0 0 0.0
2 0.o5 .10.0 11 0.632 180000 8:808 0

0..0 13 0.192 0.0 O30:

o..62 '. -5.7o: -8 ?.58 8:
1 29 0.0 14 0.668 0.0 0

NF 0 21.14Z -75# 1 3.709 -16.7 1 12.31 -16.6 1 10.671 iS.?

MODE. lE. RPM. 650. PEOUENC. 2'.50 *1 (BLADE Si, 20.06 H1 (BLADE 5, DAMPING 0.0

m%~OftDo. zju RECORD N0. jZ9 Rux5(O W 0o0o "0 w
SCM 6M PBLU SC' AM PuSO S US AP IBL 5 Ic U

9  
PNS

SiMIU. TIN) (DEG (MUSTR |)(DECI IRU-STRNI (ODIG (MU-Sm N| (IGI0.0 -11.0 1b 0.069 -16. 1 0:88 38. 00 0.0

2 .028 -13.6 11 00oo .'9 " 0 . - 0.000O660 :100 0 0 so

80200 00.0 13 0. 1 0: 00: 9 . 5 .0
10 0.003 10.0 12 0.36 1000 0 U.0 8 0 8:40

5.00 0.0 51.DD 8:8 ' :8 8: :
15 . 7116 -1309 -6 2

16oo 8:8 ; o8o, 168:8 ! 8:8 8 8:8
160.0 6:0.3 2 0028 l0.0

qF5 62.370 -51.'. 5 69.935 -Po.'. 5 71.509 -107.6 5 S0.940 72.2

MODE- IT. RPM- 650, FREOUENCY *0 .31 HZ (BLADE 8i, 24.%b HZ IBLADE Sit OAMPING* O.?6

RECORD MO. 231 RE CORD NO. 232 RECORD NO. 233 RECORD '
MUX 1 (BLOSB) MU' A SBLOI SS Mug 3 L6

$CI AMP? PHISC$M AMP H$ SC. ASP Pu
1  

SCM AMP PMHIMU-STN) IDECI (MU-STRNI IOtGI R G) (flU-a a00

03 5~ 16. 1 .0 *

% 2 0:02:19bi 00 0o.010
3 0.000 0.0 1 1 8 oooo 0.0 :8
54 O0 O 14 0.0OO 8*o

, 000 5 0:O 8:8 - *O :8
6 1:633 00:0 1 ; 8 0 - .0

-.,, 0 o - 9.08:0- 8:8 6..37

4F 5 0.370q "St.# 6 b9.935 -?6.4 5 ?L.509 -7.4 5 06.90 72.2q

-. -. ,. ..-, " .% *.% .'. O .. - IT. ., RP .M - .6 , - -. *. " . 31 ... + . .... . . - . .,.-. . . -". Si " .4 N, (B AD Sit . • , , ,- .. -



TABLE 10 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 800 RPM

IODE- IF, RPM. 800, FREQUENCY- 16.30 41 (BLADE 8), 16.45 MI (BLADE 5), OAMPING. 0.23 2
RECORD NO0 235 RECORD N. 236 RECORD NO. 237 RECORD o 7
U 1 LD 0) MUR 2 (B e! Mux

3(LD 0' . MUM 3 O-------------------------------------------------
i--

S -AMP I
T  

GS SO. AYP P -- S- AMP PH4 SGR AMP PH;
(Ku-SUN ) 4"t-l (M(I~R'4) (DEG) (Au-STRN) (DEG 

I
MU'STNI (DEC)

0.0 1 1.000 0.0 1 1.000 0- - 000 0.000it . 0.0 0: 0 0 8:, 8:o11 o .0.0 0.0 0.000 .0 00
-0.0 14- 0.000 0.0 0.000 O,0S8:t I:9 1 S 0:3 94o. 0.0 9 8: a :8 8:8, :; : Z 0.0 000 0.0 0 . : 880020 ISO.0 0:000 0 o07 t 00 000 DO: I,0Io .,: 4 0 .0 ; 0 'OQ1 8 1 :8 8 8 :81 8 t:? 188:8 1? 0.070 00.0 - 0.000 0 .5 1. 9.oo 000

qF 1 36.8s 97.1 1 ?2.992 118.6 1 20.964 -42.5 1 ZS.409 17.?

MODE- 2F9 RP- 000t FREQUENCY- 99.40 HI (BLADE 8)' 50.18 HZ (BLADE 5, DAMPING
- 

0.24 2
RECORD110. 235 AfjoRD " . 9RECORD NO. 10 RECOJ0 "O. 4o
COU 0 10 (626 B) n if 9 MUM I RUX BU|L S)

SG# AMP PUS SGISG
,Ii ARN P S SCI T P94 SG AMP PH4S SGI AMP PM-IMU-17T 1 1 COG EIi"U- M IDIG,

(M-SRN (I MU~TtN bG)(MU-STRN) (DEC) (MU-STRN) O)

1.oo 0.0 1 1.000 0.0 1 1.000 . 8G80O 80
0.922 -13:5 11 0.535 180.0 0.000 0 .8

0:;3 100 13 0.146 43. - 0.000 8. 31 '0.0 1, 0:000 0:0o, 0.000 0: !83 16:8
i 4o 15 0.000 0.0 0.000 . 09 :1 1 00N is 0 000 0 0 0 000? 8 9*
- .13Z3 1 0095 39. 5 0.000 8.8 1O 8: 8 "118:80 :9;9  0 - 0.000 0.0 0000 :8 -

_ 0:011 180.0 9 0.000 0.0 9 1.1658:Io o12 1,~ 0 .5,0 3., 0.000 0.0 1 * 0 8.8
iF 1 11.827 140.1 1 7.967 -10.7 1 17.423 9.3 1 4.205 51.8

MODE. 3F. RPM. $DoO FREOUENCY-109.30 NI iBLADE 8). 100.09 NZ (BLADE Sit DAMPING& 0.44 z
REC3D 40. 241 RECORDIV05 244 RECURD NO 245 RECORD NO. ZASMLUX •(OLD SI MUM 2(5I.U B) nU 3 ISLO B) MUM 3 SLkO

U----- L 81_ - --- ---------

SGI AMP PHS SGI AMO P o SC: . (MU5TRN) tEG
(MU-STRMI 4DEG) tMU-,,$TRII IOE I IMU-0T1N) 'G

0 1 000 0.0 1 -000 0.0 0.000 0.0
B 0: 010. 0.000 0.0 .008  1:9

4 10:9 1:, 0:0000 8.8:8 8:. o
.0:3 14, 0.000 8:861 :17 0:000008*7 1- . 1 ,10.0 o0 o 0 8:201 &8:8

83 0 :o 1. :8 8:8
10 T: o? 12003 :07 1o.0 o :0oo o: 1.o8 0.0

%F 1.003 0.0 1 14.744 158.2 1 14.994 -50.4 1 6.726 19.6

MODE. IE, RPM- 800, FREQUENCY. 24.71 NZ (BLADE Big 24.78 NI (BLADE 5), DAMPING. 0.74 1

REJCORD t*. fECORO N3. 2*7 RECORD NO. I REC9DO6 240
MU-- - - - - ---8)- -UX-2 (OLD 81 - UX 3 18L6 J- -O O S

SCo Ap p P O n-l,) ISEG SGI AMP PHS SGI AMP INSIm-sFNi (I. (Fou-T (01 (Mu-STRN IDEGI (MU.SRN) (Oa )
1 0 .06 18o.0 1 -299 8.oo 8.0 8:k 18.o o00:o o1 o - 0:8 8:8

1 .0001 .:0 1 0:034 180.0 0.000 0.00.903 0.0 14 0000 0.0 0,000 :21a:8 88 100 0.0 5 1.000 0:0I 1:08:8OI8:) 0.0 is o:oz 1 0.2166 2 :0 :
1: 0 0~. 10~~ 8:878 108:8

0ON0 0 .000 8:8o0o,01? o~ ISO 0000 0.Oag - 0.000 0.0 8:808 818
IF 5 87.222 -119.0 S 94.757 -101.2 5 98.720 -94.b 5 ?S?8 65.4

MODE- 11, RPM. 800. FREQUENCY. 48.50 NZ (SLADE $i. **5 HZ (BLADE SI, O
AMPING- 0.33 2

E o . RECORD NO. 250 RECOO NO. 251 211O 151
1 MUR 2 IBLO 8) MU X J ILO 8° 5)

16, S i-'c -AMP P S SGI AMP PS Soo Alp, ,p
MIG) IMU-SIRNI (DEGI IMU-SYRN) 10EGI (MU-S RN) (0563

1 0:705 0.0 1 0. a7# 13?3 1 8::4 ts 0 0.0o0o0 o~ 11 0:o 061 $0.0 - 00 : 0,
o 08:S 3,60.0 1, oooo 10. 8:808 E:8 8:5 71
0.331 -138.0 1 036 -,1.9 8:K 18: 8:8o.1:1 -1,,1., 16 8: 0 6 - 1 1:8
o.:4,2o1 - 0.oo 00 8:0 888 E9 1.00o 0:80 09 , .000 00 8 :210 0.003 0.0 - 0.809 0.0 - 6:808 : 1 0 .0

mF 9 *2,o6? 68.2 9 37.5?3 103.1 9 26.306 -125.6 9 ?.702 4.4

; ' .. . - .. ... . . -. . . -..-. .. . . . . "' " o" " ." " ' '. .- "* " 
"

. . . ". + " - . " ". " ."" " . ' . '. "
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TABLE 11 MODAL PARAMETERS FOR CONFIGURATION 1(a) AT 1000 RPM

MODE. IF# RPM- 1000, FREQUENCY- 19.52 Q4 IbLADE $1, 19.S9 I (SLADE 51, DAMPING* 0.10 2
ftbCORDIN. 2511 RECORD N). 2? 5 RCR O2S E~0

(ODS Ux 2 (LD 8 NUN 3 (IL
6 

156

(M IN)N 1OEGI (MlU-SYRNI EDEGS (NIRN IDE~ INUXtTINI (DEVGI
1 .003 0.0 1Q. 1.0 0. -0.000 0.0

:30 0.0 11 6:898 : ~ u : 000
0.003 0.0 14 0008.2

5 0.115 160.0 8: E-O 8:8 1: 9b 0:8 .0

7 .061 -23.5 16 0.000 Q10 0.25 000
.645 0.0 - 0. 000 0 000 0.016

t0 0.063 160.0 12 0.067 0.0 0:03 &.3 1:0 .
NF 1 61.025 135.1 1 b1.002 -155.. .8 1 58.63 1#4. 3?.*6? 324.q

NIOE. ZF, RPM- L00O. FREQUENCY- 95.93 NZi 4SLADE 61, $5.98 NZi (BLADE si, DAMPING.-0.o1
RECIRD "16 RECORD N. 259 acO 65

SG AMP0:E 5?' PcI~ IHS Sux A? N SI O S R O o p
STANUPITGI(MM'i1IDP Sr"G Emu-S RN G) ~ ~

1 0 :1:000 1.0 .0 1 1 0000.0
? 0.7358* ;000 0000 G. 0 .368 -140.5d0: 161;0: 0 14 41: - 0 0: 0:8 0. j a :~ :0 79b.9 8:g49 5 0:5R -116.2 00 0.0.450~~ 77. 160000 00 9 .473 1.40 7 1610.000 0.0 10 0.:275 L16806 9 :6 6 0.0699 0.0 9 8:901 8:8 7 0.08 - 9:800 8:0

10 0.069 -169.3 12 0-088 31-0 0.000 0.0 1 1.000 0.0
%F I 6.605 31.9 1 27.046 29.6 1 30.965 115.7 1 35.543 115.7

qoUE- 
3
F, RPM' 1000, FREOUENCY-117.41 HZ2 (BLADE 6)t 117.57 elI (SLADE Si. DAMPING" 0.37 2

RECORD ti.c6 RECORD No. 261REODN.22ECON.22

SG@ AMP P HS SGN AMP I Sr. A~P P4 SGO PIP PHISNU-STRN) (DEGI (RU-STRI1 (DEGI .8 U1-A1RN) (DEO'GI fmU-S I ( D EG
I10 0 :.0 . 0.0 1 L.000 0.0 - 0.000ga 8. .000 0.88 I 0.0 8:8
8.91 8:8 0.000 0.oo5 0.200 100

4 81.1 $0:8 0.000 0.0 6 069 35.

b SJ8 il.p91 0.-0 - 000 08:26010833
7 4 -7. -8 18. 0.000 0.0

Nto1 0:144 0 28J, 2 3 0.06 830 1: 0.0000 8:8
NF1 24.451 -42.9 1 25. 155 156.2 1 24?S -156.9 1 22.356 -156.9

KODE. IE, RPM. 10009 FREQUENCY. 25.09 ml2 (SLADE 61, 25.16 112 (BLADE Sit OAMPING. 0.69 1
RECORD 40. 266 Ro90 6 RECORD NO. 219, RECORD NO06 b

HU IL 656OR N- O. Z6 A 3 (aL PEN 3 f SL

$o APSI1UAP, 1P' & AM j I(U-STRN) (DS1 65 (-It~ SEGs (MU-STRNI (DEG' INMrSTNI (DIG)
8: 0 .0 1 0.000 0.0 1 0.000 0.O s:o 0.08:8088 :H88 0.: 8008 DO . :

8.0 14 0:08 0 .000 G 88.8:
e:8.~.00 16:8. 000 .

NO a 01 itM 1.000. REUNC 0479 0.0 (BAD 6) 0.00 2 BAE ) AMI 0.0 

I 67 ? 16. 1 Q00O0 0.0 10.000 0. 1 00 1$ 18:8

0 .0 8:0 02 0:0 10 :3 8:8 8 8:8
B2 e.8.9 12.9 1 0.362 0.0 0- 00 GO3 1 0 00 0

NF ~ O -1: 1263 .6#40 8: 0-7 -0.3 5 3116-0. 54.204 ?4.
35.0.9II RPM 9 100 FREQENCY .5 9z 3*AD 1, .3 23I (BAD 512.464- . 1.

1 16 LI. 7

RECOD 27 Afjito"06 Y1 RCOR N0 1?2RECOD(N



TABLE 12 MODAL PARAMETERS FOR CONFIGURATION l(b) AT 680 RPM

MODE- IF. RPM- 650. FREOUENCY. 13.5S HI (BLADE 01. 13.51 "I (BLADE 5), DAMPING. 0.12 2
RECORD N. 7 4EjOQDtSO. 3

6  
RECORD m0. RECORD N6 

3
1
9

RUI4~ 1 7 0-------BLD UX 3 1L0 MUX 8L

163 AMP PHS $G P PHI A SInu-SRNI DoEGI tpU-f;R14) 40161 IMU-STRNI IDEI) IMU-STRNI (D G1

1 .00 0.0 1 1.000 0.0 1 1.000 0.00
0.449 0.0 11 0.184 0.0 - 8-800o 2 Is . : o:8 8 8:8

00 4 OS OO 0 .040 1 8:s'o,' 100 15 0.000 8:880: 0 8:1 8:8
0: ~ ~ ~ 1 0.000MO 0.0 000- :a :

1o U:093 600:0 12 0.1o1 o:o - 0.000 0.o 1 ?:8008 8:8
NF 1 3S.169 16.7 1 Is.b24 -2.1 1 35.030 38.9 1 50.467 38.9

MODE- ZF, RPM. 680, FREQUENCY. 43.86 HZ (BLADE 8), q*4.1 HZ IBLADE 5). DAMPING. 0.48 Z
ORDINO. 320 RECORD NO. 321 RECOD NO. 322 RECORD IO 322

IBLD 8) MUX 2 (BLD 81 NUX t LD 8) RUX 3 L s

R P $ SGI AMP PHS SGI AMP PH $ S AMP P
INU-TIN) (DECG) IMU-SEtE) (DEC) (Ru-STRN (DEG) (Ru-STEM) IDE91

1 1.000 0.0 1 1.000 0.0 1 .0 0
0.0 o2 0 0 1 0.oo09 1o0:. - 0.00o 0.0

3 0:83D 160.0 3 * 10.055 2. '8 8.800 0.050 1 0.oAo 1,800 o - 8 8 2:8 a :08:S o0 3t7 3.7 5 0.397 -,8.7 0.0 - : o0
6 0.214 44.9 15 0526- .0 IO.o

I .L2 0. 1 0 0441 180.0 - :~ 18 ~ 8B:161 180.0
0.0 0.000 0 00 0.00 o504 to.o 0 0.678 10.00 - 88.o0 .

10 0 .12 Ig 18.0 12 1 .273 18 0 .0 808 ITS 1 1.080 8.0KF I 27.47b 70.8 1 31.35a 1*3.0 1 29.744 138.7 1 12.996 315.7

MODE. 3F. RPM- 680' FREQUENCY*1O4.0
8 

HZ (BLADE 8), 10#.14 IZ (BLADE 5)9 DAMPING- 0.39 2

RqCQRO 40. 3Z3 RECOD NDO 32
4  

RECORD 325 ECORD No. 325Rv IIBO M UX B0 RU 3 |OU0 UX 3 flLD St

SGi AMP PH$ SG@ AMP PHS SGB AMP PN S s S MN PSs
RU-STAN) (DEG) (MU-STR4) (DEGI (Mu-STEM) (DE) (MUTN (DIM

10O0 0.0 1. 80 .OQOo 03 0.0 02 C,.S7. 180.0 11: 8:81.00, 0o.0 1 8.808 8 o8 
- .o o .000 0.0

133 O. OO 0
180.0 13 .1 * 0Og 0.0 5 0.19 157.50.1 :030 8.8 0 1 90- 0.0 a 1 9? 0

0, 3 ISO 0 , 0080 UD 8 IS .0 00
0.208 18085 00,0 .2oo .0

7 0:245 180:0 16Lb 8 180. - :8D 0.0 10 0455 157.5
0.,31 .0 -831 0.0 0.0 .o o.u: .0

9 0.2b9 0.0 9 0.270 11.0 -
1  . - 0.000 0.0

10 0.122 180.0 12 0.352 8 0 - 0.080 0.3 1 1.000 0.0
4F 1 24.257 L18.0 1 27.637 -150.1 L 32.375 -82.4 1 31.307 -59.9

MooE it, RPM. 680, FREQUENCY- ?4.54 HZ (BLADE 61, 24.4§ Hi (BLADE 5), DAMPING. 0069 X

MUE1,o B0. 6b REOR ? RECORD Np. 328 o 8
,UKo 2 ED 1 25 b IR MU 3 a 8) R6C I0)

$09 AP PH iz; AMP mSO PsH R SG@ AMP
MSTEM)INGMU-SE) t IIDE I IDE) 10M0- STR) IDEGI

1 00039 51.3 1 0.034 1@0.0 1 0.O31 150.0 - 000 0.0
z 0:0031 ?9 48 .8: 0:000 0.0 0000 0 00o. 21 .9loo, 888:8 o.000 0. 0 o .0 8
4 0 80 0.000 0.0 9 0.00 .0* 0:00? 8:8 1 8 8:8 168:8 0.800 0.0 10 0.0a 8., :8 0:00 :

- 0.035 1809 8:8 3 18:8 9 0.000 o.0 o 8ooo0 $.0to o00:39'1, !81:1 0:3 o 'oz zo-o - 0.ooo°0 0.°' 1 o.00oo35 180.0
-. , 6,.o9 56.7 5 85.91 93.6 5 $8.229 56.3 5 0.206 238.0

MOoE. IT, -M.4 600, FREQUENCY. 46.14 HZ (BLADE 91. 45.5% MZ (BLADE S1, DAMPING. 0.51 1
RECD '0 . 312 RCO'D NO. 333 RECO D RECOR0

R0 1426B.D I MUX 3 BOLD RUR L

SG AMP 
1  

SG Y P1 
$ 

1GB AMP DPMj SG AMP U S
Mu-Ss M, )1I , N, D. R.".Tt16 CO IuSMT

., 83 0  
-52.1 1 0.174 -34.6 1 0.200 *?.9 0. 0.0

2 1o.0 11 0.099 180.0 . .0 0.
3 D;3b j.o 0 13 0.0 10.2 - 0.o000 o.08:11 10.81 1 8:000 150.0 0: 0.0 0. a :ft 10.0 -1o2.o 0.o 6 0.0 8:8 8 8:8

8:u2 ~ 10.0 0.00- 0.000 0.0 ;8:.o 6 It 1o 8, o o - 0.0oo 0.0 18.:8I 0.20 8.0 - 0.0 0.3

I. 0 g 080oo 0 : 0 o8800 00.° 8:8 8 8:8
0 .0:8* 1.8:8 lz o.01 0.0 0.000 0.0 1 3.3?1 132.8

4F 9 52.320 127.0 9 41.66* 117.5 9 50.29 161.5 9 3.o, 29.0

%

- " ~~~~~~~~. .......................... •/ . . .I I -/



TABLE 13 MODAL PARAMETERS FOR CONFIGURATION 1(b) AT 1000 RPM

MODE. 1F 
1
P0. 1000a FREQUENCY- 19.01 NZ (SLADE 6). 18.69 HI $BLAOE 5), DAMPING- 0.17 K

. EC3RD Np. 01 O0z RO. 32 DNO- 30 1RfECORDgO 301"-U [ OLD $1 X tO D B RU J OLD e1 1 UX ) O U 1

S RN PH s $G ASP psS I AP PHs $GO LAP P g S
(O -T-NIN IDEGI (MU-STR41 (DEG) 4"U-STRNI (DEG) (U-STRN) (DEI

o , 0 .0 11 0.000 0.0 - 1.0 0
6.o 0.0 10000 .0 1 8: - o:o 0:

0.057 6.3 13 0.000 0.0
0.024 36.7 14 0.023 65. 8:808 8:8 3- 10.01.067 0.0 0 .417 I60.0 ' A 8qy 0.0

is 0.000 0.0 - oo 1811-9
0.4 00 16 0.026 0.0 80.

1.071 0 0 0.000 0.0 8:8Os 8:8 8: 8 :10 0.207 -142. 4 Z .06Z 0.0 - 1 8:08 8
NF 1 35"16 132.Z 1 20.026 115.7 1 13.,71 164.0 1 9.306 36.3

MODE- ZF, RPM- 10009 FREQUENCY- 55.60 HZ IBLADE S3, 55.71 NZ IBLADE 53, oAAPING.-0.05 Z

ECORD N0. 304 RECORD NO. ;3?5 RECORD NO,06 EC O 0 N 06
MUE I (SLD 8) AUX 2 ILD 6 AUX 3 (L Ux 3 62

$GO AVP p14s 563 AP 1 S8 AMP p14s 563 3AP P10(u-S RN IDEGI (MU-STR'I (OEG0PH (U-STRNI (DEG) 4 AU-VT ND P(PS

1.000 .0 1 1.000 88 I.00 0.0 .000 0.0
1.000 .0 1 o. 1 0 80.o$: - 0.0

3 0 60 13 0.1 1 -lN0I

0.734 160.0 14 0. 416 160.0 0 .:
5 10 180.0 0.6H 180.089180 0.00.7 o180.0 is 0000 88 8 o.-0 160.0
7 0.65 169.b 16 0.08 0.0 8:88 8:8 10 O.2'O 180.0
8 0 0.0 - 0.000 0.0 - - 0.000 0.0
9 : t9 3 0. 0 0.tz 0.0 9 OO 8 0.000 0.0

10 0.106 160.0 12 0.095 0.0 - 0080 0.3 1.000 0.0
4F 1 26.413 -177.8 1 31.335 116.6 1 28.775 120.3 1 33-494 120.3

DODE- 3Ft RPA- 10009 FREOUENCY-117.05 PIZ IBLADE 61, 116.61 III (BLADE 5), OAPING- 0.27 Z

RECORDO . 3S RIBot ECOR ORD N 310 E0 CORD NO. 310
MxO 1 (60 MI 2s" AUX MO1 3 L 0 SMuM 3(OLD SI

sce AM PH 56 AP PHS G Mp "s $6 P P HS
(MU-STRNI IEC (IiUS$TR4) (DEG) IMU-STRNI (DIG) IMU-SRNID(0(6)

. 1 1.000 0.0 1 1.000 0.0 1 1.000 0.3 0.000 0.0
2 00.293 066.9
3 0.273 160.0 14 8*1. 888 0.000 0.0 8 .100 0.0

6 0.: 2 180.
I ,83 -29.2 0:• :

0 .361 180.0 ib 1 8: 0.000 C.3 9 0. 30 0.00:0300 -600 10 0. 0 0.00 0 .0 0. 0.000
0.130 170. 9 -. O7OOOG 9 0.041. 0.000 0.0

10 0.211 156.3 12 0.281 10.0 - .000 0.0 1 1.000 0.0

gF 1 21.70Z -84.9 1 26.626 -75.4 1 21.745 -62.4 1 19.129 -49.3

MODE. LE, RPm, 100o, FREGuENCy. 25.32 1 (BLADE 6I. 25.Z4 HZ (BLADE Sit DAMPING- 0.91 X

RECORD O. t1x RECORD NO. 312 RECORD O. 313 RECORO NO. 31
MUX IL6 MUM 2 (OLD 8 AUX 3 (BLO 83 1UM 3 (fL0x

1G~4PP S p -----------------
AMP pHS SO AMP A P P H S AP PH?

(Iqu-STRI (03 1AU- a G USTRND (Et IU-STRNI (0E

1 0 V 0.0 8: 100 1 0.02L -150.1 0.000 0.0
, oo 8:8 8 1o.0 o.000 0.- 00 0

8 1.00000 0.0 5 0:000 9.0
4 8: 8 : 1 ' 1600 0.000 0.0 a 0.043 .0

5 : 1.808 8 :8 1.000 0.0 oo
0,8,2 g: oo.o0 0.000 0.0 0084 181:8

8:47 8:8 - 8:8 o 0: 0 :.0 - o1o8o8: - o:8 0:0 o0o D. o:o000* :0
S .08 :80.0 8 0.0 0.000 0.3 0.000-0.0 0.000 0.3 0.036MF 5 79.464 -92.9 s 79.33 -106.7 S 65.SS

8  
-26.0 5 51.467 154.0

MODE- IT, RpM- 1000. FREOUENCY, 47.57 HZ (BLADE 8?, 50.05 NZ (BLADE 51, DAMPING-0.08 2

RECORD 40. 314 RECORD N0 . 31s REuR0( O. 31j6 ECOO NO. 16
MUM 1 MOD 8 MUM 2 D (81 S 3 NAU 3 (ILD

$G u AP m' 56 I IMU-A$P SG AMP PH SG@ AMP PHS
IEU-STRN1 01tGD S ID (0G(6 (RU-STRN (EG' IAU"STRN) (IGI

1 97 160.0 1 0.098 o 0.00 0.08:8908 S: ooo 81:9 00o.8:o H 061 00 - 0.000 .3 - %J88 :8
to 1 8 1 0 9 .1- 0.000 0.05 : o5 = Nil -108 o0oo 0o: 90 0.5 8o:811 8:8S1.0 o0oo.0 0coo 0. " :888 8:8

1000 0.0 9 1.000 0.0
8. 67 0. - 0.o000 00 1 0. :3 1 0.0

4F 9 37.547 -92.L 9 36.189 -144.1 9 360723 -77.9 9 14.s64 -147.6

4,

"4,
-"



TABLE 14 MODAL PARAMETERS FOR CONFIGURATION 2 AT 0 RPM

RODEw FP RPM- 0. FREQUENCY" S.19 HZ 4BLADE 63, 5.35 HZ (BLADE Si, DAMPING- 0.79 Z

RECORD 4o. 588 REC R.O59RD 19. RECORDIN, 90
SLOX 8 106 ) M1IX 2 (BLO MUX 3 . -.- I I 5)

SGI A ps 
$ 

S11 AmP PH SCN A7P PUS G# J Mp INS
gnu-SIAN) IDEGI folI-SYRN) (DEC G I I RN DES -GI l

1 1.000 0.0 1 1.00 : 1.A 20 0

1 8: 00:0 13 ., 0 .8: : "
it 0: 1 3 1 0 0 L 4t .0 5 5 0 .0. 4 1 0 0. 1 0 1 0 s 8 0 8 :-

0:.o0 10.0 0.0 8:8o " 8:8 6o 11:OO 0 16 000000 0.0 OZl

0.670 0.0.8
10 0.398 0.0 900 53.1 8:18 81 I3

to 0.097 160.0 12 0.223 0.0 ooo 0:3 .0

IF 1 8.08) 94.5 1 6.609 92.4 1 8.039 -67.9 1 7.570 -48-9

MODE- 2F. RP1. 0, FREQUENCY- 32.20 Z (BLADE 6i. 33.43 MZ (BLADE 5). DAMPING. 0.49 X

591 RECORD N. 59Z RECUR IO 6) RECORD 3 593
MUXIINBea8X UK 2 (.D 6) UI 8) AUE 34LU )

SC. AP pg C p U C AMP PUS SCO JAMPN lPeS
(RUA 7 N) ,DEG S $ U-SRII (DEC 'U ' S -SRN , IDE (M,-S , fI

1 1.000 0.0 1 .000 0.0 1 108 QQ -8o, O.o .
2 0.10 139.6 11 ~.54t1 160.0 - 08 -0.0 00

o.6Z1 13.2 1 3 0.120 _3 8o o

5 0.266 1o37.1 5 0.co 0.0 1 J -148:a 6:80 8:8
0.0 0.0 1 0. 0.0

16 00 0.0 is-1iIk
0.2 0:0 0:000 0:0 ; 8:S:a S8

9 , 5o o.02 9 8:8 .
10 0.154 -136.3 12 0.5"4 141.0 : 8:

IF 1 10.177 -16.0 1 10.87S 24.0 1 10.652 25.8 1 3.939 205.6

MODE- 3Fv RPM- 0 FREOUENCY- 90.06 Ht IBLADE 61, 69.33 "1 (ILADE 5). DAMPING* 1.06 X

594 RECORD N. 595 RECOR0.
RECRDNO SI MLIX 2 (SLD 81 MUX3 I3LS U$

G@ A? ps GO AMP" PUs SGO AMP PViS SC. fN, PN
,u-' R A,, DS C INU-SR' EGOC) (Mu-StN ,E, (U-STEM, IOESI1o- 1:00) ,8: , o.- 04 it, t:s 1-. 8

4 11003 0.0 14 0041 .3 02.o 16.0 11 o. eo "p~ 8:8 8 8: " i.

160 14 . 13 0.167 0- A
17 0:046 1*5.0 11 8:2 1&8:88 1 ~ :

9 .21 00?000 0- :0

IF 1 2.931 -131.0 1 2.829 17.0 1 3.097 -114.3 1 3.401 37.6

MODE- lE. RPM. 0, FREOUENCY. 22.03 H1 (BLADE a), 21.05 HZ (ILADE S1, DAMPING. 0.51

RECORD14O. 577 RECOR ONDI 500 RECORD NO. 601 RCO0O N". 0,1
MU I OLD 8 MLI 2 I6.D M IALD ) MuM) 2515 5)

S', AMP PUI AMP PUS 5G' AMP PUS SC, - PU ,.S
Mu-STNI IDECI AMU-STRd I) PIGDEI 111-1'4N 1DENO (-SYM) IDEGI

1 0.000 0. 00o 00 1 0.000 0. - 0. o0000 0
2 0.00) 0. 0 : oo 0000 0. 0 0"

-0000 0.0 5 OD
0 :00 8:8 1 0. 10 - 100 0.0 a .8

S80 8:8 o.oo 0.0. 01:06 8:8 i 8:8 8o
161 v88 8:8 0.o 80 0:0 .

1 8 9 8:8 8: :1 8001 .6 : 0:0 0.079 I0.0 12 000 0.000 0.0 1 0 0 0

NF 1 15.601 -6.6 5 16.161 16.3 5 16.592 -91.9 1 13.612 99.1

MODE" 11 RPM' 0, FREQuENCY. 37.96 HZ (BLADE $I. 37.80 HZ ILADE III DAMPING- 0.56 %
RECORD 0. 805 RECORD Na. 606 RECORD 0. 607 RECOID,

AUK I OILD -5 RUE 2 |B1 D 8) lux 3 l61. 6) HUx 4810 5
SC AMP PUS $Go AMP GSUPPS NAP &IFPN

IHU-STRNI (DEG) IAU-STRII ID S) IMU.S (DES S IMU-STRW) (Di;'

1 0.062 0.0 1 :70 0.0 1 0.063 0.0 :
qu 0 . So

43 10:0 a 0:2 00 10L58:133 148:8 1: 20 0 8:0.8 168.018:666 1 .88 -,1.9 8:1 0 0 0: 148
.O9 • lb:8:78 0 0

10 ~~1 O.j : lOOOO OD

4F 9 ?.191 67.* 9 7.3e1 115.0 9 7.057 -17.8 9 0.740 -07. e

I



TABLE 15 MODAL PARAMETERS FOR CONFIGURATION 2 AT 775 RPM

400- if, RPM- 775, FREQUENCY- 15.46 .4Z IiLAE SIt. 15.54 14 (jLAOf1 St. DAMPZIG- 0.10 Z

502,06 . A . ; ... M;... 3 L 6 ?.
569 AP P9 SGU AMP Pts 561 AMP 4 C

(RUAT"%l IDECGi (MU-SItu 40R) IMU-STRNI 101G IMU-SpaN( (DEG

I 1.001 0.0 1 1.000 0.0 1 *0 -. 0"000 0.0

3 0 00.5 it~8 8: 0.00 1.:
S*0 0.0 13 0.0 .0

b (071 180.0 16 0.000 8:8 88 0. 72
. .0 - 0.800 8 - 00 0.0
012 0.0 o.414 * 9 : 0.000 0.0

10 0.123 160.0 12 0.079 S3.*4 " a08 8: 1 1. 000 0.0

mF I 1*.791 -151.b 1 17.985 7.2 1 1s..83 -i79. 1 4.SeL 0.
4

mObE- ZF Vm* 775. FREQUENCY, 47.06 rl 4
6
LA0f 6, 51.i "1 1bLADE 51. DAMPING- 0.23 Z

RECORD . 632 RECo 33CO o 634.t633
RUE I EBLDOl SIUX'(SLO 8U 1UE0K

0
b! RUB HO.

SG, AMP p1s $G s., AMP PiS , AMP- 5G u
IMU-STRN) DEGI (MU-STRNI (0 (mu-$TRNI COE I IRU- N) DE

I 1.003 0.0j 0 1.000 0 0.0
0.8o3 18.0 3 1 168:S . . - :888 0.0

3 .09Z 70.* - 0.000 0.0 5 1:O, -1260.3

0502 71 .8 8:48 8'8 - oo 1.o - 0.00 0.0
b 0.752 180.0 1 . 000 C.3 9 1.0 9 0.0

4 51.7 . 8:t4 -1 - 0.000 0.3 10 0. ? .0
7 4 40 ?1.7 0

0.Z o: 0 -
10 07 O: 1 - OO1 o9 0.000 0.3 10 00000O 0:0

%F I 6.lli -79.9 1 b.607 1.7 1 7.492 -106.7 1 4.451 73.3

DATA NOT AVAILABLE

MOUE" lEt RPM- 775t FREQUENCY" eZ.32 ?I (BLAD b), 22.0 HI IBLADE 5). DAMPING- 0.72 Z

RECORD 40. 626 RECORD N3. 627 RECORD Of28 RECO 6O.
RUX I IBLD 81 MUX 2 4BO 6) 

0
UX 1 U I "L 3

sG' M P4 SG# AMP p14s $Go AMP S
6

; sto~ u P~
IMU-ST-4N) IDEGI *MU-$TRuI (OEG) IMU-STMRNI I 0

1 0.03. -105..1 0 101 0.000 O0 0 I O.O74 - • uwo 0,0 0 .DD 00

0. .ON 0 ri 1 8:834 1:8 v 8.38 5' :00 .88 8:
4 0.00 0.0 14 0 80OO .

b5 000. o6o.8 8:8 . 0 9 168.0.. 0:0 o.o b- 8 8 - .0: .ooo
8 0:162 0.0 - 8:8 1 : 8 00 6:
9 0. 025 0.0 6 10 a 2 -149:1 0. 00 8

F 83.436 125.3 5 86.663 160.3 5 8o.91* -178.4 5 63.953 I.L

MODE- IT* Rpm. 775, FREQuENCY. 41.26 PIZ (BLADE il. 39.40 HI (BLADE Si3 OA(PINGO 097 1

RECOD 0NO. 635 63bECORO 36 EECORO N40 7 RECORD NO. *J7UX I I8LU SI MUX 2 4nL 81 MU 3 ISLD 83 HUE 3 ISLO 7

S. AMP PHs S6 IRP P S SGC EMUGt&"N P - G MUSAn 016S
EMU-STRNI (DkGl IMU-STRNI E0E l IS T R N'I (OEG1

8 7 1 0.150 ,0.* 1 0.105 -6.1 - 0.000 0.0
:8 1o 8. 10.0 - 0.080 6.0 0- 0

3 ~~~~ ~q. 10 3 - 0.5 :
23 i bs: --. o.0030 8::,9

0 . 94.8 0.:
u.1 Lb 0 00 0.0 1 T 0.0

It 1.O 13: 0 0, 0 0.0 S

0.469 090 111.9 - 000 0 022 13.2

NF 4 7.691 78.1 9 6.075 IzO.
?  

9 7.739 71.b 9 2.040 20.2

%' 1



TABLE 16 MODAL PARAMETERS FOR CONFIGURATION 2 AT 1000 RPM

MOUE. IF. RPM- 10009 FkrOUENCY- 19.37 HZ ldLADL 8), 19.30 HZ (BLADE $1, DAlpIG. 0.09 2

RECORO 1 * boa JC ORI ND. 6O9 RECURD.NO*. 60 RECORD NO 610
Mux 1 (BO 62U- M 2 IBLD aI Mux 3 BLD.a) MUX 3 (BL

6 
so

------------_---__---i-

sG1 AM? PHS SG AMP PIS Soo AMP PHS SCI AMP PjS
IMu-STN) (DEG) (MU-STRuI IDEGI tmu-STRN IDEG) (MU-STRNI (0EG)

1 1.000 0.0 1 1.000 0.0 .0 0.0
2 0.31) 0.0 11 0.113 0.0 1- :0 : u

o:o5 0:0 13 0:023 1o600 :%8 :5 :9o: 8,o , oo o 8:
0.027 -0 1.0000

:, -17. 0 is 0 00 0 0.000 8:0
o-0. 0 0o0.ooo o u: 18:80:41k 0 j 0:000 0.0 0.000 8'8: 8

1 ,13 cu 12 0.0b 0.0 0.000 0, 1 1:080 0 0
VF 1 40.088 56., 1 3b.013 -96.2 1 29.705 -147.2 1 6.199 32.8

MOOE- Z, RPM- 1O000. FREQUENCY- 54.72 HZ (BLADE #i, 5.03 HI (BLADE 5). DAMPING. 0.21 Z

RECORD D0, 611 RECORD NO. 612 RECORD NO. 13 RECORD No. 613
MU 1 (BLO U8MU 3Aux 51 MUX 3 ISLD 5
----------------------------------------- ------ ---- ------------

SGO Aj
P  

PHIS A AP PH IGO AMP PH$ SGS AMP
U-s -$RN IDEG) (MU-SR ') EDEG |u-STRNI |0EGI IMU-STRNI ODI

o1 000 0. 1 1.000 0.0 1 1.0 0 o.0 - 0.000 .0
2 .o0065 105.2 11 0.872 8:9 .5 0o8ooo

3 0.38 180.0 13 0.17 -43.2 8 :8 - .D9 -1;0.4 ,56L ISO 0 14 0. 8 0 100 8 ,:40 -LS,0

.91 3 16a0 .0 16 19~ IWO 8:88 8:8 1 8.0 -8•:2 .1C0o ~ o.So " 8:8 8: 8Uo 8:00, 3.91 leO. 0 6 0,21 soO,

big 0~ u 9 o.834 -34.0 8 .+ :80.
- 0.0

10 0 559 52.7 12 0.211 -,*6.3 0:84 0.0 1 :808 0.0

IF I 4.44J -100.3 1 4.423 124.7 1 4.253 -127.7 1 3.216 52-3

MODE= 3F0 RPM- 1000, FREQUENCY*IIS.83 "Z IBLADE 81, 115.75 HI (SLADE 5). DAMPING. 0.50 Z

RECORU No. bib RECOqO ma. 625 RECORD 6O14 6lEOaD: N, 644
AUX 1 (ILD 8) MUX t IBLD 81 MVUX 3 LU 6o 3 L

SIG AMP PH$ SGO AMP PHS SC. AMP P $ S I PHS
(MU-ST kN) (DEG) (MU_-SlkNJ IDEG) IMU.STRN, (0 (MU-fT[N) (DEG)

1 1.000 0.0 .0 g1 1.000 0.3 0.000
2 0.27, 2,00 1 600 It8u. : 0.000 (0.0.00 8:00
3 0.3? .0 13 .2 - 0.000 0.) 5 1.0.7 46.0
1.51* 0.0 1' S.iB 0. 0 0 0 D a 1.010 0.0

5 0.733 -92.7 5 83 -0.B .0._ S .o 0.0, o.ooo 0.0
9 0.979 75.9 1 5 - 0.000 0.0 9 0.616 -7 9.

7 1.3?9 76.2 1 0:000 0.3 10 0: ?2 -105.1
0., 0.~U 0 0.0 0.0 o 0.

9 "°0.28 12*.Z 0 02 5a 9 0.-o6o 0.00
10 O.1b6 127.7 12 - 0.000 0.0 1 1000 .0

4F 1 50*0 7.9 1 5.611 50.5 1 3.015 -172.2 1 2.sS9 -36.2

MODE. It, RPM- 1000, FREOUENC
Y - 

22.51 Hl IBLADE 01, 22.44 HZ IBLADE 51, DAMPING. 0.93 X

RECORD 42 617 OD N.6 RECORDOo. 619 RECORD NO 619M&Cp2 1?7 A MO3 1126 pq
X 181_ _ 2 IBD 6) NUEX3 __L_ UX 3 I

SGo AN S A P PH$ SGS AP PI SC. AMP PNS
IMU-ST4N) (OrCI SGI ,U.S-R4 | IDE)I IMASIRN) 10E0 IMu-S T R 4DEG)

I o0oO2.000 0.. - oo 0 0.0
.VQW 0.0 13 0.0690 .00001) 6:

0 3:8 0 :00 0:0 - :0 8oo 8:8
0.0 14 0100.10: O 000 : :

5 u. .000 0.0 - 1.000 0.0 :3 8 :8

6 0 00.0 0 0.0000 0.0 9

? ~ : , .oo o00o0 oooo 1: 0 8:8 18:8

6 A .o 0.000 0. - 0.000 0.3 8:8, .oo a o6.0o o0.0oo o8.3 8:808 8:8
1 8 8 :8 12 0.000 0.0 - 0.000 o. 1 0.0 oo -14-.9

NF b 93.L* "1247 5 50.622 -3o.9 5 s0.956 -177.L s 39009Z 2.9

MODE. IT, kPM. 1000, FREQUENCY. 44.10 HZ (BLADE Si, 50.20 HZ IBLAOE St. DAMPINGs 0.37 2
6E1JR0 ,0. S3 REC0R NO. IZC0 0. COID I 06 t29

aE
x
OftDlLO RUICO .2UXR .29L E MED NO 1O 2

MUK U) N06... 81 I (LO)

IGO IMG P SG9 AMP PHS $GI AM IHS $ AVP PHI
IMUXT1NIDI IMU-STR'I IDEGC tMU-STRNI DG) ,MU-SaRN) IOEGI

1 0.00, 1 0.099 -77.0 1 0
2 0.000 0 1',

3 :0, o 0 i :8 .5 14 8:8 B 8:3 .. 0
.:394 3. 3 5 o:9g 16: 38 8 Li:3 0 .0I

16 83b 43: 1: 12: :880
7 .03 0.0 0.00:361 8:8 8:88~ 10 0.4 6 12:2

° ,O5 30. - 0.O - 0.000

a o o.0000 0 8:8 : 8:010 so -144.1 12 1.017 0 - 8 : J:g1

NF 9 6.00b 77.2 9 6.914 -97.1 9 7.597 6.1 9 1,610 -*42



TABLE 17 MODAL PARAMETERS FOR CONFIGURATION 3(a) AT 0 RPM

"ODE. IF, RPM- Ot FREQUENCY- 5.19 HZ (BLADE 8, 5.3' HZ (BLADE 51, DAMPING. 0.63 Z
RECORo mO. 704 REfURo N073b RECORD NO117 RECO ?

IU1 II&LD 6 M MUx 3 L. IUI 3 (O S?
S u- N AMP pjs S -' AMP PHI $G _ AMP pHs SG r(Mu.STRNI (DEGI IMU.sTRI IDG cMu-STRNI (OGo IRU-STR |)

I ODD 0:0 1 .000 0.0 1 1.0 0 0D• 02 o0,, 41 0 11 ,.:-0 088' : 8.88 .
0.369 0.0 13 0.073 6:1 1.88
0.132 0.0 14 0.0o1 0.0o o0o 8f :
.15D 8: 0

0. 0: 8: 8 8:9 80:0 1 8 0:0 0.000 0.0 00008:
0.39b5 00.0 0.2 0.0 9 0.401 8:8 00

1o 6.10) 160.0 1 0.2 0.0 - 0.000 0.3 1:808 8.0
%F 1 J',.64 92.9 1 22.013 -43.9 1 25.061 25.2 1 3.483 -92.2

IOIJE. ZF, RPM. 0, FREOUENCY. 32.2a NZ (dLADi 81. 33.03 HiZ (BLADE 5), DAMPING. 0.62 Z

O0. T0 RECORD NO. 709 RECOSD NO. 710 RECORD ?O. 710
(O F S-OI -UX 2 45-. sIo UX ISLD SINUK 3 IB Ih 0.

$IE IG AMP PHS Sr. AMP r5 SGO Am P
D E MU-STRN) IDEGI lPu-STRN) ID G) Il-S l IRN IDCC

1 1.000 0.0 t 1.000 0.0 1 • - 0 0.0
2 0.1!9 0.0 11 7.:143 89.6 0.U88 E3 E 0.000 O .0
3 .95 800 13 0. 00 00 - 8 U 5 0196 SOS.50
4 S.643 oC.o0 14 0:306 le - .8* 0 8:3 a 1. 61 0.0

0:264 180.0 S 0. W 18:8 5 2 oo .0
S0048 115 . 15 0 l2 I - 8.3 ; 0:205o0o 003 0:0 0:o00 "8:8 " 8: 000 0. 0~o :

9 0:301 0.0 032b 8:8 9 0 000 0.0
10 0,000 000 12 0.U0 180.0 - 8:60 8:1 :0 0.

NF 1 11.791 -96.5 1 11.462 -137.0 1 11.4S9 -165o7 1 3.OqZ -41.2

MODE- 3F. RPM- 0, FREOUENCY" 90.58 HZ (BLADE 8), 90.047 HZ (BLADE S) DAMPING- 1.24Z

RECORD 4O. ?11 RECO 04N3. 712 RECORDOB. 713 to li, 713
M JA I ,51 O)ux aMUX 3 1 81 AUUI3 UU 8

------- -- ----- - - - - - --------AMP PM; p Gs AMP PHs Sc, AMP P SG i PH
IRu-STRN) DIEG) IMU-STR4) IDEG) IMU-S RN I IMUlO71t11 ID)E

1.000 0.0 8 8:8 1 1 00 00 -00 0.0

0.1 90 a -o.* -93.9
1.228 .0 1 ,1 0000 0.3 0093 0.

5 0.00: 50 0 .000 G0 0.0O 0.
D.024 44. 4 1 0.000 0.3 9 0.00 o.07 0o00 0.0o $:6 0':.000 o.J 10 0:0o 0 o0o

a o0.00 0.0 ":6 ; 1 00-°'° 0°° 0:0 o0o°'° o0'
10.6 OO Oo 182: 0.00 3 O.:110A 1800 0.:8 4 0.000 0 .3 1 0.080 0.0

4F 1 4.385 120.2 1 4.548 -80.0 1 4.743 766 1 2.760 106.4

RODE- IE RPM- 0, FREQUENCY. 23.76 HZ IBLADE 81. 23.70 HZ IBLADE 51, DANPING. 0.66 2

RECURD '40. 7 RE7O14 . REcoR No. ?I6 RECORD, o 10
-U- 1 IBL2 !) MU Z (1. 8) "U 3 (BaD MUK 3 ( LI
$G MP14N pDEs SG -VR' A (0 sGs M_1& PHS So# AMP pHsSR JR4 $e

I U-STN IOEG) IU-UTkN) (DE.G) IMU-STRN) IDEG)

1 o2 8D8 CJ "o:o 0 1 0. 023 . - .000 0.0
: 180.0 0.000 0.3 .000

3 8 8 8:8 01  
0 0.0 0.oo0 0.3 8 8ooo 8:80

8000 : ; 1.ooo 800 0 o.ooo 8:8
6 ., 8:8 .ooo 18 - :ooo 8:o I 8:gd 8:

8:?4 q98: 8:8 0 a: 8: 0088 8:8
0 :6A 1.8:8 0.000 0.0 0.000 C.3 1 0.024 1600

NF 5 107.005 37.1 5 106.657 -165 5 100.40b -154.6 5 $8.906 25.4

RODE. IT, RPM. 0. FREOUENCY* 44.14 "Z IBLADE $1. 5001b HZ LDE Sit DAMPING" 0.46 2

RECORD (10 718 RECORD ]. 719 RECORD NO. 720 RECO3D NO. ?20
Flu 1x MUx 3 (aD 8) 181 5D

S I AMP Pgs gGs p G AMP PHS $Go ARP PHs
(MU-TSTRNI RU 1EnD) IMU-$TRNl IDEGI MU-STEm) 0EG)

1 .2 00 1 00 0.0 1 0.000 0.08it .oao I 0.o0o 0.0 0.00 o. " 8 8:8
188:0 13 S?:3e 7. -0 00 to 8 :8:' "" 40! 0.0 - 0.00008:8 -031o 0.0 : 0 0:3 o 8:8

8:8~ 18 ,1  8:00 8:8 .

0.3~ 18 ,-

0.0 - o:8oo o.8 o 888 8:8
10 0.0o 0.0 12 1.009 0. - 00000 0.: 1 8:8$S 8:8

mF 9 b.185 -144.3 q 6-306 -b6.5 9 5.921 29.b 9 0.160 170.?

. . ••, .. . .. ...

.. .. .. .. .. . .. .. .. .. .. . .. .. .. .. .. .



TABLE 18 MODAL PARAMETERS FOR CONFIGURATION 3(a) AT 1000 RPM

40DE. iF. RpM. A'000 F EQUENCY
- 
20.32 N I BLADE 6). 19.40 NZ (BLADE 51, DAMPIGe-O.

7 
I

RECOD O. 733 RECORD63, 73, IfLRD NO. 75 RECORD #40 73
MON (8I.0S) NU2 I . 6) MUA 4 6 NUMD 3 (.6 ;I15

5G AMP PHS SGr AMP Pes SGO PH AMP OHS
IMU-STIN) (DEG) IMU-STR) (UEI (U-tTNI (G ' MP PuS

1.000 0.0 1 1.000 0.3 - 0.000 0.0
S 8:8 11 0:000 0.0 0.000 0p.0 :0 .

0 02 88 0.02 6.7 - 0.000 8.0 5 03 0

O, 0 00 0 aO ,?b~y :j 0:182 1,00 00: 1 0:0A - SD 8:8
S8:O* : 8 1 M oo 0.0 . 000 0.3

9 :440 0: 0 ~ ? 0 ~ :3 8:80§ 8:8
N4F 1 0.002 45.9 1 41.370 -169.4 1 32.634 -123.5 1 10.219 56.5

NODE- Fs RPM- 1000. FREQUENCY- 55.12 NJ (BLADE $1, 55.30 HZ (BLADE 5). DAMPING- 0.76 z

RECORD 40. 730 RECOID N. 731 RECORD NO. 732 R N
-I 8 MU# U N1 U 3 (8. 61 MU (LS

SGI AMP PHS SGO AMP Hs $Go ( TPNI P PHSM Pu
(MU-STAN) (DEGI (MU-STR4I tof CIO s"UAR RDEGO

1 1.003 D001 100 0. .0 .2 o09 -1j.4 8:8 1 0.000 0. 3 - .o00 0.0
0 70 18:0 . 0:0 .3 6 1.051 0.0

7 b69% o0 8 4 .4? 16.o - 0.000 00.06 3. 92 0. 0:000 0,3 9 6.196 0.0o o 8008 00 0.000 0:3 0 0.000
0:0 10~g 0.00000 08:0

-.D ~ :g ~ o. - c.o - 0.oo 00
10 0.304 10. 12 O18O 0 a 1 1.000

'F 1 7.97b -42.3 1 13.142 157.8 1 .1.qZ 152.? 1 9.066 332.2

MODE- 3F, RPM- 1000, FkEGUENCYT
1
1
6
.7Z HZ (BLADE o1 116.3b MZ tbLADE 5), DAMPING. 0.1? X

REOR0 ,40. ?7 RECORD NO. is RECORD NO. 729 RECORD No. 729
Mj1 (61. Mux 2 (8.0 IV RUX 3 181.3 ) MUX 3 (8O 51w------.------------

SG@ Mp PHI SGO AMP PHuS $GO AMP P MS S$GA1P1~
-MuU)N) (DEG IMU-S R41 (DEC.) (MU-STRNI ID D, (Mu-iSVPN) IDPES

1 1.003 0.0 1 1.000 0.0 1 0.0 - 0.000 0.0
0,683 160.0 13 0*O0O -O0 10 0.0 0.000 0.0

3 o.Zo9 60.0 13 0.21 -1?*:s S 0:8: .391 11.
4 1.1.65 0.0 14 1.087 08 117 .0

.0194 is.9 5 0.096 :8.- O8 8: 0O39 1.0
.4.10 01.0 15is * 6 8:6 *8:8 9 :U 0.04 1.7 0.03) 0.0 16 0 265 188.: " 10 0.206 0 .0

6 0.00O. OOO 0.

1 .0 0 8 0*00 27 107:0 1 8:020 168:8 9 2:~ 8:0 10 Do 0:010 0 .141 159.2 1 0.311 160.0 - 8:90  8 1 1.000 0.0
-F 1 9.405 163.2 1 12.78? -162.6 1 10.702 162.8 1 4.235 01.0

MODE- IE. RPM- 1000i FREOUENCY. 24.50 HZ (BLADE 81, 24.45 Hi (1BLADE Sig DAMPING. O.96 X

RECORD 40. ?Z* RECORD N3. 75 RECORD ND. 12b RECORD ND. 726
MUX 1 (80 6) MUN 2 460 6NuN 3 BLD 6)UMN 3 160 SO

SG A5
P  

PHS SGO AMP PHI $G AMP PHS SG# AP iS
(MU-S RN) (DEG) IU-STR4) DEGT (MUSR E(MU'TRN GO

1 0.003 0.0 1 0.000 0.0 1 0.000 0 .0
1 0.003 0.0 11 0.000 0.0 00 .0QQo.o o00 0 0 13,o0o 0: 8:0 1.0:0 o.o

0 .0000 0.0 1 0.03 10.o0 0 0.08:oo 0.0 15 0.000 0.0 1 :888 is2 0.0
003 10 0.000 00. - 108 0

o:oo 2 :9 o:oo 8:8 8 - 8:80. 0.010 0.0*0 160.0 12 0.000 0.0 - o:t o .0 8:88 0.O
4F 5 63.8ob 9L.? 5 67.726 -39.8 5 63.633 99.4 5 %S.921 2794

hOVE. IT, RPM. 1012. FREQUENCY. 486.6 HZ IBLADE 6). 50.59 MZ (BLADE Sit DAMPING. 1.39 Z
RECORD 21. 721 ORD N4. 722 RECORD NO. RECORD 0 723
uN x ILU Si 2 .D SI NUN 3 fl u 6 aUN 3 |126 51

SGO AMP PH$ SC. AV P45 SC. ARM H C MIMU-STANI (DEG) IMu-S Rl) (DEG) (Mo-STN I 
4
0E6) ImU-STRN) 0NSI

r.314 180.0 ~ 1 :1 133. ::O18: .8
Dal -105.0 i 0 - : 80 8.0

9. -27.6 13 0 -. 28

• .'l -31 1 z6.6 O.5 :B.5 3:6 1 0 0
:116 0 9' -33.2 -:3 1 6:888 8:81 o:) 8:00 8:81 68 6 8:8

1 1 15.3 12 1. -15.2 - 000 0.0 1 8:89 18o:
4F 9 23.29.1 -144b q 21.161 71.1 q 2U.*45 144.3 9 127.630 324.0

% %, %%c.~* .- ***J*#*~'



TABLE 19 MODAL PARAMETERS FOR CONFIGURATION 3(b) AT 0 RPM

RODE. IF. RPM- 0. FREoUENCY. S.17 Hl (BLADE W1. S.39 HZ (BLADE 5I, DAMPING- 0.64 2

RECOI B'40. 7bb 7E CORD 67 KlC 0 768 RECORO NO. 76
RUE L (6L 10 XZl~ BI UE 3 (B. I1 SUX 3 SI

SON AMP PHS sG$ AMP P S $s o PN S. AMP PHS
lMU-ST4NI IDEGI IMU-STR410 JOE) (NU-.TIN) (0EG G MU5TRNI (0161

00 1 1.000 00 0.0

S :8003 8:8 oo- 0:0 o :00 0.0 0 .0: g:
43 ti~ : i a 8:8 0 0.000 8.3 99 -18:8

1 4 0.5 3"1 *S 8:8
8:8; 1 1.03 8 o.ooo 0 0:88:8

-113.2 .00 0: .00 cO 0 S 818A

O.8:2 8:8 0.000 0. 0.000 00 1 - 8
90 0.0 9 4 0 0. -

11 :110 8:8 12 0:00 0. - 0:0 0.3 0:08 0.0

4F 1 24.337 -4*.S 1 22.032 7S.9 I 26.69S S.3 1.000 0.0

MOUE- kFt RPM- 0, FREOuENCY- 32.22 Nj IBLADE 81, 32.9b N IBLADE SI. DAMPING- 0.66 Z

RECOR O 6 RECORD N3. 761 RECURD NO 762 2EODW*~RE 1 B II RUE 2 (SLO SI RlUE 3 IB0 SI M
a

$IL

$Go AMP pNs SOS AMP [ MS $Go IPIAP PMS SO. AM P1
(MU-STRNJ IDEG) IMU-STR D) G) I a ISTRNI DEGI IMu-ST I 41IG

I 1N 0 00 '0" .000 0.0 - 0. 00 .
2 0 0 0 0.'1 1.8 8000 0 . - 00~:!0.89 3 aj~ 18: 0.000 0.36 •.86 ' o...,0* :21 "a: * 0075 1. 3 1 0.000 0 :8o~~~oso~ -3: 4 o 16o8. 3ooo

o oob 8: 88 0.000 0 0 .000 0

1 0 .003 1 0 1' : a . 0.000 0. 0 .1-0

10 0.09b 0.8 0.000 0.3 1 8
'F 1 14.725 8.? 1 14.889 -112.7 1 1l.917 82.1 1 4.664 6.3

MOUE- 3F, RPM- 0, FREOUENCY- 90.62 Hl (BLADE S1, 90.74 HZ JlLAOE Si, 0AMPING- 0.60 Z

lkjltt0WRCORD No. 18 EOR6o 759 aEOR no,
AuE I S L b SU X 2 A L O . ...U X. --

AMP . .. AMP PH$

.3SG. A- P SO' _AMP, S S. AMP ,il - .,
I U-STA N)-SDEG SIR'4I 10EGI (MU-STRN)

1 1.00) 0.0 1 1.00 00 1 6.o 0.0 0.00 00

3 0.00) 0.0 I s.~&~ 0 .0 - 0003 0 0.0 B* MI 598Z 0.0 1. 18$o4oo 1:23 o 0 s 8:828 0. ,.:o14 1.
.,,-.,0.o B ! 0 : .0

5 0.01 -B SN

6 0.111 180.0 is 0.o0 0 0 0.0
1 0.00 0.0 168 0.000 0.0

0.003 0.0 0 0
D.343 0.0 9 03 33 8:8 0,00,10.180

10 0.003 0.0 12 0.0 0 0.0 - 8 0.D 1 0.000 0
.F 1 4.40 6z.7 1 4.4*5 102'.1 1 I.Z

s*  
-3"7 1.000 0.0

4GUE- It, R04- 0. FREQUENCY- 23.63 Psi 4BLADE 61, Z3.65 MI (BLADE 51. DAMPING. 0.66 Z

RECOAD VO. 754 RECORD N.75 EODNOj6RCODM 71
RUE 1 ID SI RUE 2 (S.D BRUE 3 (SL& MOUEI(SLO SIo~ ~ ~~ cll$ 151o ooo + +oo. l

SGMP PMS(DPM NI AMPkMPN O6

ImuCI a G MU-SyR%'4EGI SG I-SRIIE9S S#M TN 06

I u 000 0.0 1 0.024 0 1 0. 0 3 - 0.00 0.0
2 0:00; 0u 11 0.000 0.0 -0

1 0. 00) O.0 13 0.038 10.0 8:8 ?S :.oo
0,001 0.0 13 0.000 00

8  00

7 1.003 0.0 16 0.000 0.o - 8:8 1501
7 .o 0o03 0: .oo )D ;- 8:8 8 8:8 10.

00 S DO o 00 0. 8 - I
O.O3 0.0 0.1 8O8

10 b.076 O.0 12 0.000 80 - o-o . 8:o0 o.0

14F 5 96.217 -139.0 S 96.29b 152.7 5 97.$07 66.3 s 60%939 2463

MODE. it, KpM. 0, FREOUENCY. 43.95 NZ ISLADE 1. 44.16 HZ ALDE SI. OAMPING0 O.S6 I

RECORD ve. ?51 RE iO O NO. 752 RECOID NO. 713 RCORD O a M
AUX I to D $1 XUE 2 ILD 01 MUx L 6 RUE SI

... ... ... ... .. . ... ... ... ....--------.--..----.---------

~6u AM p $ SO, l M M PH$ SGS A PS

IMu-STANI 1MI-frSRl (OI Iu-STRNl 
t DEGI IuN.STSNI (0EgI

0.021 0.0 1 0.000 0.0 1 00
0.0, 0.0 -

.001 .0 1: 8:o8o .a~ 00 B~ + 8o:o0098:
0.00 o0.0 1 . 1%0 s: 16. 1 88
0~o P .9 16:0 S 0.2i 9: 18:00
0.00) 0.:0 -6 :-0 00 80.00 0V 0:2o o - " :8 8:3:8 8

003 0.0 .147 0.0 0-0

MF 9 27.112 01 9 2h'.329 -?.7 9 27.507 ?.1 1.000 0.0

%. %

|%



TABLE 20 MODAL PARAMETERS FOR CONFIGURATION 3(b) AT 1000 RPM

'4oUE. Ii. RPM
- 

10,0 F E3UFNC V l. 71 Pi (BLAk dI 1 10 71 Ml (dLAVE 51. DAMPING-.O.51 I

e fCo ,g 7 3. AE6 O '4. 737 RECORO NO. 73 RECOID NO. 73OR I -Lo 61 eU I k 618 M RUX 3 INL6 8131 KBUR a (LO S

5G; Am' e P .... lU_ I P PH$l SI ("u411 AMP rm
,u-IT4Nj (DE , f l.-STRN| (DEGI (MU-STRN) OkI

1 0 e.0 1 1.OO 0.0 1 1.000 O.3 0OD) 0 .0 I1 0 ,77 Z 9 3 0 8:,OO :

+.8 o.0 13 0.05, 160.0 -OR: 8:3 8
?? :31 141 0.025 0.0 d 1.0 8:S

. -:. 0 0. 8-8: ; 8:8 8 8:86: 0: : 080651 - a

10 0.13 180.0 -2 0.070 0.0 0.000 1.6 1 1:808 8:8
4F 1 18.13b "24.0 1 

2
5.9

7  
165.3 1 15.Z3 126.6 1 10.22 ? 306.

MOUE- IF. Ri? A 1000. FREQUENCY- 54.62 HZ (BLADE Si. 55.22 ml ISLADE 51. DAMPING- 0.45 2

739 RECORD NO. 740 .EC 741 RECORD 741
U
x

MI(8 UM 2 & I MU IBL 81 RUX Lb 7L 1~~----------------- ---- -- -----
SG# 1M PH SGI AMP PMS PG$ AP SGN AMP P95

(MU-T4N) IDEG) (MU-STK4) (DEI (Mu-STkNI IDPH) IMU-STRN ItoEI

1 1. 00 0.0 1 1.000 0.0 1 . 0.000 0.0
S0.003 0.0 11 0.315 -3.9.U 0.0

.P3 80- 3 0 I1i2O -140.1
4 1.7 180. 14 0.44q 100 - 8: SN N 0.0

5.41e 1.0 5 5.747 5o.9 5 I s0.
3.772 10.72 15 1.43Q -16.4 I .:S380.0

u0) 0 16 0 000 0.0
1 '1 8:8 o -.2:888 6:8 o0:o0 .960, -. 0 o. OUo 0.0 " 8:8 8 0.0
9 1.67 4.9 1.7b - 9 1.501 14.7 : .0

10 0.309 -74.. 1 2 3.939 -120.8 - 0.000 0.0 1 1.000 0.0

%F 1 9*086 107.6 1 1O.b34 36b 1 5.b78 -155.5 1 4.480 24.5

MODE- JF, RoM 1000. FREOUENCY117.04 oi (BLADE 8l, I16.22 HZ 1BLADE 5I, DAMPING- 0.39 1

AECURIu 4O. 742 RECORD N]. 73 RECORD NO. . RECORD NO. 74
MU I L 6 RECOUR 2 8.0 I MU flux 3 1081 M 181.0 5)

-- ------- ------------

A u-ST N) SE . AMP PH 5 5G AMP PH SO' AMP IJE£M.SI)1()(MRT~iIE,(U'STN (0(03 (MU-STAND (O-O)

1.100) ().,1 1 1.000 0.0 1 1.000 ().a3 0.0
2 c.uo. 0.. 11 0.252 180.3 " 0.0

3 :2; 800 14 1.182 0.0 41.000.0
3 1.0, 13 0.198 0.0 0 0.0

0:251 39 0 5 0.174. -1'.-2.6 5 0.8 Le 59ieo90.1.4j -57 7 is 0.?05 0.0 u: OOO -lot?"'=

0.091 0:0 1 000 0. o0 - 88 8:9 1o 838I 8:g
Q3Z3 -28.1 9 037 0 0.000 8 8:0

377 00 25 -2 o000 0.
10 G,172 L14:6 12 0:416 180.0 - 0.000 o-D 1 1.ooo 0.8

4F 1 9.525 52.7 1 9.060 -162.6 1 12.108 -31.3 1 3.954 -97.0

MUUE. Lt RPM. 1000, FREQUENCY. 24.79 mZ (BLADE 81, 24.b3 Hl IBLADE S1. DAMPING- 0.91 X

RECURD.qO. 745 RECORDX 746 bECORD N, 747 RECORD NO. 747
MUM 1 IBLD 81 MUM 2 3 (8_ 0 UM 3_(SLD;

s6 -Ap pHI SGOD AMP PSR IAmAM PH -$TsN AMP PHI
(mu-STAN

1 
IDEG) (MU-STRII) (ORlI, (MJ-KN) (DIG) (MU-STRN) (DEG$

1 OO O 0.0 1 0.000 o.A - 0.0OO 0.0803 8:8 1 -. - o 1.33.o o 0.000 0 .0D 8:8
11 8*8 3 8:8 0: 0:

00 5 OOO:O, 0000OO0 806 .5,z 8: 8: 00.0 - 0:000 0. 37 .o 0 : 0 0 o 0 0 o 0 o 0 0 0 0 : 3o 8 : 8 50 0 8 : 8
0.8: 8 o0 .2oo4 . - o.oo

a C.173 8:8 00:819 ,0 0 0 DO055 83"1 0O9,U48 0:00:00 0
10 0.93 3 8: 12 0.080  0 .0- 0 00 0.3 1 0.0 0 -144.9

mF 5 93.25 76.5 S 90.014 52.7 5 8q.826 37.7 5 65.989 21?.?

MODE* IT, RPM. 1000, FREQUENCY- 50.27 HI (BLADE Bit 50.33 Hl (BLADE Si, DAMPINGO-0.15 Z

RECORD '.48 ECORON o ,# 79 ,CurD NO 75", RMCORD. 710
MUM ! (X06U) U (61. 6) 3 (6L. 61 MUX J_0 -do_

SGI AMP PH SGoI Mp P1$ S16 AMP PHI SGI AMP PHs
(MU-STANR .1DE) RU-4TR) IDEG) (lMu-STRND IDEGI (mU-STAN

1 
IOE0|

1 O.ZZ, .159.1 1 0.229 -153.? L O.Z2 -160.9 - o i
2.? 1 0.0 0.0 ooo 0.000 0.) 8 t8:8

8:812 11 0.02 -16.0 - 0.000 0.3
0.106 180.0 ODO 0.01 ; 3137 180.0 ,1 8 1d 80.3 - ,8

15 1.8:8 0.771 0.0 0.000 0.0 8:8
16 0.057 1.0 0 0.000 0.0 10

0000-: u 000 E.D -0 88?:803 8:8 1 =.OD . 9 1.o000 c. a
10) 016d 00 1 2.02 0 .0 0.000 0. 1 8:83? 18:8

F v 6.4.4 45.1 ' 5.954, 11.7 9 5.937 152.2 q 53.773 332.2

%, %



TABLE 21 MODAL PARAMETERS FOR CONFIGURATION 4(a) AT 0 RPM

DATA NOT AVAILABLE

NODE- ZF. RPM- 0, FREQUENCY. 32.17 HI (SLADE 6). 3Z.69 HZ (SLADE 9, DAMPING- 0-49 Z

RECORO NO. 611 R EC OR0go N 16 tO3
LU I (BLD ( 4U1 X &LL0 -- -U --(BD ? ------ 3 - -

5GM AMP pHsS ol~ AMP Nsj SGN " p~s SGS AMP PHS
1MU-sTkN (DEG) 1Mu-SIRi) (DE) INU-STEN) (DEG) (MU-STRN) IDEGI

11003 1,0 0 1.000 0.0 - .000 0.0
2 o.,,1 1:8:8 1 - 0.000 0.0 o..1,-0.0 0

0 1 . 9 8:8 0.000 0.0 8:3 1 0.0

- O. 623 180,O
0- 0 00090 0.00.000 *0 ; : 8:8 + o 10~ 0.ooo o.o

10 0. 1z 188.o 12 0.383 10:8 o.oo 0.0 1 1.000 0.0

N
F  

1 9.53? 114.2 1 9.304 -10.5 1 9.316 -52.2 1 1.S6b 127.6

NOUE" 3Po RP' 0, FRFUUFNCY- 90.69 HI (BLADE bi, 89.30 HZ iBLADE Si OAPING- 1.04 %

KECURO NO. 144, RECOND NJ. 6-4- RECORD NO. 646 RECOlD NO. 616
M6x I (BLO 481RUE 2 6) uUX 3 4BL 81 U i (SLO

SGN A14P PHs SGN Ap 1s $G1 AVP PH$ $Go AMP PI

1MU$TRN) (DEGI gnU-STR41 t0 G1 IMU-S RN1 (DEG)Tgnu IOEG

9100 .0 0000

3 .104 108:00 0.000 0.30.2 884 .o 11. 8:0 o~o o.00oo o o: JO'6;"
-183 N 180.0 5 0.114 300 8:8

; 0.0 0.00 0.3 10 8:8

9:5 0.0 - 0.000 0.0 18:
90 0. j 6:9 1 9. 341.

%F 1 1.782 133.3 1 1.773 -8.6 1 1.71S 93.9 1 1.$63 273.9

RODE- 1I. R;M. 0, FREOUENCy. 21.91 HZ (6LADE 0). 22.00 HZ IBLADE Sit DAMPING- 0.63 1

RECORD NO. 6*? RECORD N
0
. 6*6 Ij0aS NO. 6*9 RECORD w'4 *9ORU I (.0 6) RiUX 2 f8.D 8) AUX 3 (BLI L RUI 3 I64. IBL Of"3 L6

S .G AR, foP II ( 5 A p.oo uSo 11 AMP PH $Go AMP ps
INU-STICN G) s t, I C) (DOI INO-SYRN) IDE 1M&PSTAN) IDEG)

.0 1 C.0 0.0 0.000 o.o 00 :.
0.0 11 0. 140:9 0.000 0.0 -g 8:0i0.0 13 0. 3 1o.0 0 0.0 0.0

: 0 0 14 0.O 0.0 0 0. 0 0.0
:8 9Q 1.0 8:801 0: 0.000 0.0 8 831 18:880 .:0 0.000 0.0 08
o 3.ooo 00 0 o.o00 0.0 8:8
o0o 12 0.136 0.0 0 8:8

mF 5 06.69t 41. 5 $7.16
3  

11.1 5 99.064 64.3 5 73.914 244.3

MODE- IT, RPM- 0. FREOUENCY. 39.01 "1 (BLADE 8i 41.6b HI ISLADE 9), O&APING- 0.9?7

11ECORD Po. 690 RE CODN.691 RECORDD NOf Is0D6 a
NUX I (BLD 81 mU2(ll.D INU3 146 W3

SGN AU P P N) SCM AMP PI SG- AMP PHS 'G A

(MUSTRN) (DEGI1 Sr M1U-STAR)4 (0EG' N-IN DE41 (M-TR 0G

1 0.0*3 X.1 1 0. *3 11.9 1 0..60 ,0b? 5.2o It 0 1) .4 A

.0 0 o o * 19.0 1 8:828 i:8

.3 ? 0.0 ..
011 16o00 1 1 2 9 : ~ , ~ I :~ I

0621 Ig 1. 0 Ift lot 0. 8:8 88 8:3 109
01101 S3 8:1 0.0 ~ .88 8:3 S8

10 0.03v -99.6 L2 o.99 0.0 0.0o0 0.0

4F 9 .132 -q9.4 9 8.026 -19.9 9 6.0*1 -9.1 9 0.9?1 36.1



TABLE 22 MODAL PARAMETERS FOR CONFIGURATION 4(a) AT 1000 RPM

4ODE- IF. RPM- .1000. FREQUENCY- 19.33 HZ (BLADE 8). 19.44 HZ (BLADE s1, 0AMPING--0.01 %

RECORU 20. b66 R MR NU W7 RECORJ No* 6 b
AuM 1 I6LO 8) M&M C 0 6) MUM 3 I8L0 0U D A IECORD,6 b

$on MP RHS $GO APP PHS amp PHI S AP P S
IMU-A G1 R ( MU-S'RI (MU-STRN) IDEG (RU-STRNI (011

.00o 0.0 1 1.000 0.0 1 1000 +: o o8o o.00 31 1 . 0 it 0:130 - 19.7 - .0: 000.

0.003 0.0 13 0.026 154.5 0.0000 :8
ED 0.0 o.000 0. - 0.000 a N8:D. , -7 .5 o., 12. : - 8:8
S:~ 0:436 1 6 2627 -1 89~z1 -60o1o is 0:000 0.0 0:0 o9o 8:; ,:
8:0.0 00 0.0 - 0.00 80 8:I .8:8

9 0:469 -10,6 8.43 : 8:888 8:8
1800 12 0.057 0.0 o000 C. 1 1.00 0.0

IF 1 32.021 1.5 1 25.184 -113.3 1 3.640 170.3 1 6.317 350.0

KOUE' iF, RPM- IOU0, FREQUENCY. 54.83 HI (aLAOE 41. 54.42 HZ (BLADE 5), DAMPING 0.54 2

RECORD u RECORD NO. 665 RECOID NO- 665
U 1 8663 (81LO I) UK GL 51

SGo AmP PHS SGE AiGM AMP PH$ SG. AMP PHS
(RU-STRN) (DI (MU-ST&IT (GE )Mu-STAN) fDkIG IML-STRN) IGI)

I 1.03 0.0 1 1.000 0.0 1 1.000 CI-. 0
IO:g O, 1 .0.000 0.0 0.000 0.3 " 8,808 8.8

13 108 0125 0.0 0.000 0.
4 0.44, 160.0 - 0.000 0.0 S 11 1 .*2

2,8? 56.7 5 2.95q 103.7 - 0.0 0 0.0
1:; 1;8:8 1 0.625 180.0 - 0:000 0.0 9 1,464 Z4.8
16 0.111 23.3 0.00 0.0 10 0. 108: [ :b 0oo0 0.0 0.000 0. - o080 108:0

10 .: 8 9 0.537 75.9 063 7 1883 0:88 88
10 O0:49 180*0 12 1.614 180.0 0 10.00 8.

IF I 8.24b -143.8 1 10.744 -127.6 1 10.271 -124.8 1 12.986 30.3

MODE. 3F RPM. 1000. FREOUENCY-11b.91 HZ (BLADE 8), 117.03 MZ (BLADE 5). DAMPING- 0-03 z

RECORD 40. 659 RECOkD3A b1 fECURD Np. 662 RECORD NO. 6z
MuM 1 I81L0 6) MUM 2 (DLJ 8) "1 3 (8 D 8) MUX 3 ILD

$63 AMP P9s $G1 AMP P S SGo AMP PS OS AMPl PH$
(MU-STUN) (DEG) IMu-STR4) iDE ) IMU-TN)IDGP G) IU-STRNA (DG

I I:ooo 8 0 " o:o 1:000 0.0 - 0.000 0.0
1 0.000 0.0O.oo , 0.03 0. 3~ i 8D00 - 0 000 0. 5 0.26 -16:8

4 1.453 i: o0 0.or 0.3 S 1.055 0.0
5 0.360 180.0 180.0 5 0.361 137.3 - 0.000 0.0

6 ,*. 0.0 - 0.000 0.3 9 0.149 20.97 ,z 8:71 6 :4 160-1 - .0 1~o o0 23 o. 1 6 0
8 6 C.e OOO 0. O. 0 O ,

O, 000O000 0.0
50 31. 9:0q ' 0:000 0 .3 000 0.

10 8.135 160.0 12 0,582 lO:0  - 0000 0.0 1 1.000 O 00

mF 1 8.285 -148.6 1 11.927 110.5 1 14.77 -109.0 1 14.342 37.0

MODE- IE RPM- 1000, FREQUENCY' 21.35 HI (bLADE B), 21.33 HZ (bLADE 51. DAMPING. 0.97 1

RECORD NO. 656 RECO 0 N. 657 RICURD JO5 655 IIJORO N

- x - - - - --- -- -- -- $ I -- -UX B D 8 ) -- - -U X 3 1 L - -
L )B 

O

SGO AMP PHS SO6 AMP P oS ' AMP P3,S Sg P9?
INU-STRN I RI bEG) STRN) 19) (MU-T N E01

1 0.031 180.0 1 .032 1 0.030 -132.9 0.000 0.0
0:000 *oJ U4 1- 8:00 8818. 0 0.0
0.00 8.0' 1 80 880 :800

S0.oo 8:8 1,4 -:o8o 8:8 000 1 a6 ooo 6,808 8:85101 :
-.82 .:88 8:00 0. 10 6 160.0

0.15 0.0 - 888 08:2 8:0 1o :001 ., 0.0 9 0: 080 0 1 00
10 0.03? 16 0.0 1 0.03 9

IF 5 101.'49 -124.7 S 102.601 -175.0 5 112.515 8.5 S 03.433 M6.5

MODE- IT, RPM- 1000. FREQUENCY- 36.6b HI (BLADt 0i. 38.65 HZ (BLADE $1. DAMPING- 1.21 2

REORD 40. 6 3 RECORD NO b54 R65cORONO. 655 RECORD NO 655
u (BO SI MUM 2 is.0 B) 1U UKIBL0 6) MUM 5 (SLO Sa

SG SG AMP PnS $69 AMP p915 S6 A P PH$
$6IMU-tT"N1 tDOE"d MS TRd) 1011 1MiJ-STR4 (016) fMUS RN I(DEG)

1 0:000 0.0 1 0.027 -36.4 1 0.000 0.0
.0 11 - 000 0.0

-0 3 0.0 14 0 o.OO
I b 0 5 649 8:8 5 4:8 8 - 0o o
1.1 0.0 15 0.129 14.6 - 9 boo4 10o:

7 .87? 0.0 16 0.000 0.0 - 8:818 0 0.0100 0.S 3.7 0.0 - -0.000 0.0
9 1:000 1 .000 8: 0 * - 0.00 0

10 0.044 180.0 12 0.539 0.0 8 0.000 8.0

NF 9 Zq.282 -44.2 9 25.994 -164.1 9 24.a63 -30.5 9 17.297 .30.5

.-.. . .- - - • o-- .. . .- .- .. . .- ,-' -,'-- - - -.-. ', -'° ,,' ',- '-' .'. -'. .-. '/ ',' " , .+.. -,.... J
I 'I % % 

*. + . . . • • . .. * -



TABLE 23 MODAL PARAMETERS FOR CONFIGURATION 4(b) AT 0 RPM

M0UE- IF* RP- 09 F4 EuENCY- 5. 18 HZ (SLADE 6), S.34 HZ (SLADE 51) DAMPING. 0.68

RECURD 14O 670 RECORD NO. 71 RECORU NO 7 RECORD NO. 02
MUM 1 (BL3 6) MUM 2 (BLO 8) - UX 3 (BLb MUM 3 IBLD $1

SC. Avp P0 S G$6 AMP ~Pl? SGI AMP PH$ sC. AMP DG
(DEG) imu-STRI (AIJ$TRNI (DEGI (RU-STUN) PB

1 1.00 0.0 1 1.000 0.0 1 1.000 0.2 - 0.000 0.0
2 0.76. 0.0 11 0.5'"3 0.0 - 8U - 00 0.0
3 0.371 0.0 13 0.094 -82.3 -8s:, -91.b12? 0.0 14 0.074 180.0 9 .0
6 0.124 160.0 5 0CIS5 160. 5 .46 0.051 160.0 i5 0.035 160.0 :8 8: 9 97 o.ooD 0.0 16 00oo 0.0 8.o .8:1

90.0 .0 0.8: o- 88000.003 0.00 0:0
5.39 4 0. 62 180.0 89 18b:3

10 0 000 00 u 12 0.165 1-00 0.0
t  

0 00 8:0

4F 1 1O.?&1 142.7 1 14.712 -148.0 1 6.523 -163.% 1 6.Sse 16.6

MODE- 'F, RPM-. 0. FREQUENCY- 32.lb HI (BLADE 81, 3Z.70 NZ SBLADE 5)9 DAMPING. 0.47 Z

.EORU 40. 613 RECORD N3. ?4 RECORD NO. 675 RECORD NO, 67V
Aux I 18L6 a RUX 2 INOLD RUX 3 IBLD 8) x 3 SLb 51

PI IGOP PNH SC AMP PHS S. AMP ENS SC. AU PM$

IMU-STAN) (DEG (U I (MU-S AN ") U RN) (DEG)

I 1 000 90 1 1.000 0.0 0 0: 0.000 0.0
3 0.0. -9 10.0 13 107 3: 1 0653 180:8 C.3 26 0:0
0.89 160.0 13 0.10 0.0 - a 1.206 -121.1

.0:249 180.0 14 8:30 NO N

8:S 3~: 6 is~ Z 0.27 15 8:6 8 :0 8 1.4 0 .04
0.037 29.2 16 0.207 8 8 8 0 .144 -22.6
0.53 0.0 - 0 8: " :8 8 8:3 O 0:ZZ "8:8

3.Z 0.0 0 24 .: ooo°*000 0.0
10 0.10? 180.0 12 0.415 1800 8:8 1 1.000 0.0

%F 1 9.120 -b9.5 1 9.104 -15Z.2 1 9.046 -29.3 1 Z,694 91.8

%OuE. IF, RPM- 0, FREQUENCY' 90.32 Pl (SLADE 8), 89.29 H (BLADE SI. DAMPING- 1.56 X

RiCORD 40. b7b RECOBD N]. 67 RECURD NO. 679 REORD N, 679
MUx I (HL 6) MUM'IS.D 6) MUX 3 (BLD 6) mUA 3 11LD S1

G6 AM? PHs SG AMP PHI 'G' AMP PHs SCI AMP )PN
(MU-ST1'N! (0EC6 (MU-SeRW (UEG (Mu-STAN) IDEG) (MU-$TR) (N EG

1 1.00 0.0 .A8 00 1 1.00o 0.0 - 0.oo000 0.0
2 0.737 -130.5 :8 80:0 - 0.000 .o 0.000 0.0
3 0.095 -95. 13 8:1L6 - 0.000 0.0 5 0.204 160.0

1.Z48 0.0 14 O.4
3  b: 0.000 0.0 1.34 0.0

5 0.875 -122.3 S 0:47 :63., 0.710 160.0 0. 10
0:112 10:0 N0.000 0.0 9 0 o5 .7S5

. 1 03 1 0. 0 7 8. - 0.000 0.0 10 0. 00
a :~ 0.00 0. 0 8: 8 8 :9 0:.0 0. 100 :0

4 .b 908 91037 69.3 0:000 0.0
10 0.003 0.0 12 8.14 1 - 0.000 C.0 1 1.000 0.0

4F 1 4.069 73.7 1 4.161 94.2 1 3.917 bT.b I S.M.7 -93.4

MODE- iE, RPM- 0, FREQUENCY- 21.63 4Z (BLADE 81. 21.76 Ni (BLADE S), DAMPING- 0.42 %

RECT 6 0. 680 RECOR0 OO 61 RECURD O. 6N 6 RECORD No. *62
JILVS) 8Ux I UM 3 (BLD 8' MMUX 3 (IL I

SGI AMP pHs S6 AMP Pes $G1 AP PHI SG
I  

IMP PNS
(MU-STRNI IDEGI (MU-ST441 (OF I Tit amSTN) IDEG)

1 8:8 8: 1 0.2 0.0 o 1 0.021 G.) - 080 0.0
I 8N 0.03 0.0 0:000 0.) 1.00

83 8:8 ij 0.030 00 a: - .000 0.) NO 8:8S :938:8U 0 coo8 0 :00 0~8 )5 8 8:8 10:000 0:0 1 000 0:D 10 8:8
6 30.0 0.000 0D

000 0.30 0 .000 .0 111 3 8809 0 0:000 ois 0:0 o0o L6 ::8
10 gR .88 ;2 0005 aa0 rd3 .. 0310

%F 5 5a.941 17bZ S 55.009 B8) 5 S3.093 37.4 S 90.633 217.4

MOUE. IT. RPM. 0, FREQUENCY- 37.89 NI (BLADE 81 2-27 HZ (BLADE 5) DAMPING. 0.43 1
RECORD b8 EO NO. 685 RECecOORNO.6

RONO2 66S 6 8 5 1O 66
MU (Lb 8)2IBO8 MUM 3 IL

$6 AMP (DES SGI MU-fl;'sI PHI~ SC,' AMPN PN$ 56 APGD6
ImU-St-tNI (DE (MU-STAN) IDGI IRU-STRNI ID[1)

o 0.06# 0.0 1 0.080 0.0 1 0.071 -98.8
I 0:ZIS 0oo 11 .0 .0 8: 8:8o *~oo8.o 00 :888 8:8 1 "*8s 8.v .0,9

w  
1 60.O 13 8 0 -1 3.

0:0 3 0. 00 0.01 15 1

S0.000 0.o 00 0.0 000 s:8
D : 1 1 b .o000 0.0 8.000 8:3 18

83 00.92'. 0.0 - .0 . :~ 8:8
1:8 3a 000 0 o 0 o 000oo U:1o o.08) 0.0 12 o .++ o20 .0 0.000 0.3 8:808 8:8

NF 9 10.61. 92.7 9 9.476 z9.4 9 q.Ozo -46.6 9 0.331 -92.0

A+' ; E +ez .:...+..++ '., ,.;+ . +..++, -, +. ..,..,,..+,., .... ..



TABLE 24 MODAL PARAMETERS FOR CONFIGURATION 4(b) AT 920/1000 RPM

MODE' IF. RPM* 1000, FREQUENCY- 18.42 HZ (6LADE Bie 18.40 HZ (dLADE 5i DAMPING- O1

RECOR o40. 49B RECORD N). 699 RECORD NO.- 7OC RECORD ,NO. 
O

MU' 1 (OLD MUK 2 (8-0D M M 3 SL S UM 3 (04.0

SGO AMP PHS 5G AMP VHs $G. AqP PHs SCE AMP PH
1MU'STRN) (DEGI (RU-SER'41 (U G1 (MU-SRkN) (DEG$ INU-574) IDEGI

11 0 0.0 1 1.000 0.0 0.00
1. o .:2 -193.S 0.000 0 . o:oo8 8:8
4I 8:8 - : 0.000 0.3 5 1.

0 11 8:3G : .1 0.00 03 1 .01.0060 :8
5 1.92 8 . Lobe -16.6 0.000 8:8
b . " O 0.000 .0 0. 652
o 6:W e 8. 7 1 0. - 0.000 0.0 1 .000 8:8

8:81 8  0.0 9 0.000 0.0 0:00 8:8
10 0.2110 180.0 1 00 IO00000 1 1.000 :

%.F I Z1.552 14b.1 1 17.571 128.6 1 17.181 0.3 1 12.057 169.6

MOUE- ZF, RPM- 1000, FREQUENCY- 52.6* HZ (BLADE a), SS.02 HZ (BLADE Sit DAMPING. 0.39 2

RECURD 40. b13 RECORD P3 196 R DO 697 acOR No. 697
U dL_' U 2 48.08 ) MUX 3 (OD SD MUX 3 (OLD S)

5G; AMP PH SGO AMP PHs Sc, AMM ; Sc, AIP PS
(Mu-ST-N1 tDEGI (MU-STR'4 (DEGI INU-STRND (OtGD (MuSIRND (DEG1B .~ 1.000 0.0 - 0.000 0.0

1 1.000 0.0 1 8: 0 .000 0.0 0.000 0.0
1 0.165 10.0 1100 0
3 0 967 100 p 0.00 0.3 0 .496 180.0
.. 0.854 1860.0 1 1000 1.3 a 1.8 160.0

5 .6 13.3 S S:3 1. -130.2 - 0:0010
.906 15.7 i s 008: 0.000 0.0 1 0.0 -0 :

7 0.000 0 .0 16 U.1ZJ: 0 :00 .B O1.O3 O.0 -b - ,O , 1 oO
S 1.S31 18.0 0.000 0.0 - 0.000 0.0

.1 1o1?1.213 -13.8 - 0.000 0.0
10 0.542 ISO.u 12 3.141 180.0 - 0.000 0.3 1 1.000 0.0

4F 1 2.72b -16Z.2 1 8.073 158.5 1 5.317 10.4 1 5.115 260.9

MODE- 3F. kpM. 920, FPREOUENCY-110.74 HZ (fbLADI 81. 109.S5 HZ (BLADE 5), DAMPING- 0.86 2

RE(URE '0. 701 RECORD NO. 702 RECORD NO. 7 RECORD NO. 703
MU) 1 BLO SD qUX 2 (RLD 0D MUX 3 (BLO 5' MUX 3 IL I

5G. AMP fHS SO A j 
p 

PHS SG AMP PH s so AMP PHS
IMU-STRN) IOG) IMU-SR'I (DEGI (MU-STRNI (0OEG' (MrStN 401

a.g .. 0 1 .o000 0.3
S160.0 11 111.01q -19:.3 - 0.000 0.0 o o
J3 0 1:O 7.9 13 0.374 180. Q 0.0 00 5 9 -1:2

150.0 S 0.939 180.0 5 1. 124
180.0 is 1.172 -. 0 - 0.000 0: S 8

7 ,. o 15 .1oo 0.0 - 0.000 0.0

? :iiz !;9:8L 1 0:000 0:0 0:000 0: 1 0
9 .0 .o 32.1 9 0.936 -16.7 8:8

18 8:0 :9 12 1.032 180.0 - 0.000 0.3 1 ,ooo 0.0

4F I 12.08b -139-9 1 6.610 1 3 9.3 1 2.569 -50.? 1 1.320 10.6

ODE. IE. RPM- 1000, FREQUENCY- 21.99 HZ (BLADE 8). 22.03 HZ IBLADE 5). DAMPING- 0.26 X
RCORD NO. b9o REOCO 691 CORD O. 6 1 692

M (BL ) LM 8' MUX 1 (BL 8 U 3 5

S . . A12 P. SG, AM4P P. Sol AMP .. S so, M PH5
IMU-SkN) (DEG) (MU-SIR'i) (DEG IMU-STRNI (DE I (MU-TRN) (OEG)

1 0.109 180.0 1 0.08 180.0 1 0.110 180_7 0.000 oo
2 o0o091 1o..u I O.0O.010 0.0 8 8 8  8.0 0.080 0.0
3 0.OO 0.0 13 0.00 10 008 0.01 0.003 0.0 14 080 8 - . 8  : 1 0.? -26.3
5 1.00) 0.0 5 1 .0 0 5 :8 8 8:0 - o10oo 0.0

0 0:,9 0.: 15 0.0 8 " 8:80: 0o.1 -10.5
lb O.O00 0 10 0 0 0.O

* 0.137 180.0 0 0.00 8:8 o
9 0ZW 180.0 1 8: 8 - 38 -008:0 000 o

10 o 1 65 12 .:: 0.0 1 0.102 180.0

NF 5 60.154 -139.6 5 56.72t -1.7 5 b0.906 25.9 S 60.942 209.9

MODE- IT. RPM- 1000, FREQUENCY- 38.10 HZ (bLADL 8S. 37,77 HZ (BLADE SO. DAMPING. 1.03 2

RECURD 2 *, S 67 RECORD NO. 688 RECORD NO. 689 689
M I A Ux 2 (OLD D MUM RU 010 SL 591

__x-- - ---- --- ---- 8- _ X__L 0 .- - Px310
PGo 50 p.. ;Go AMP PMS s .o AMP A P

4"u- TKNO (DEGI (MU-SiRi) (DEG) iMU-STRNID ) G1 11-STRND IDE )

I 0.003 0.0 1 0.057 160.0 1 Q.5 7. .000 0.0
2 0.033 152.8 11 0.000 0.0 - UUV Uu- p.09 .13 0.04 -116.2 00.0
4 0.03b o28.1 I o 0.041 0.0 - 8:8 6 16.3

I -0.0 S 2.219 150.0 5 0.0

.4 10 8:8 8 8:o 87 :
11 12 0 884 -62.9 .o a 8:8 2

'(F 9 21.175 29.9 9 22.25? IZ0.2 9 20.299 20.2 9 14.737 20.2

,r- On.

t *0 o ' . ' ,..'



TABLE 25 MODAL PARAMETERS FOR CONFIGURATION 5(a) AT 0 RPM

-ODE - IF RPM- 0 FREOUENCY- 5.21 HZ N BLADE i1. 5.21 H (dLADE 519 DAMPING- 0.58 2

RECUKD '10. 01 RECORD NJ. 402 RECURD NO 403 -ECORo N0* 403RLX 1 (dLD 61 MUX 2 (B.D 8) MuP 3 {BL 11I "UX 3 15LD 1

ICA AM pHsI GO6 AMP Pli S .0 AM4P pHs Su AM psiIMU-$TQN) DEI ({qU-STRNI (DEG. (Rd-STkNI (DE INU-TIMN) I0EG1

I 1.0o0 0.0 1 I.o . - 0.000 0.02 ).727 0 .459 8:8 - 3. - 0.000 0.0
0.3b5 O.0 0.0 0.000 0.0o.i 0.0 , 8:8 8:8 . 0.000 0.0

4 o 1oo 0.0 C, 5 : 0.0 0 oo
8 0.0415 180.0 15 u .v 30.0 00.04 0.000 018 0 - 0.o 0 8:8 -0 1 .0000 0.010 3.o87 0.0 9 :0.000 0.0

o.180.0 12 0000 :8 - .8 . 1 000 .01O OOa IO, 2 OO0 0.0 0 0 r1. 000 OO O,

4F 1 *1.144 147.9 1 56.619 59.7 1 57.082 -76.8 1 2.382 103.2

RODE. 2PF RPM. 0, FREQUENCY- 32.30 HZ IBLADE 8., 32.23 HZ (BLADE 51P DAMPING- 0.55

R C OL RD,. ;4 RECORDNo t0 RECO ID m 4(06 Rb No. objx L x 2 leLDRUX IO; mUX 3 (b25B R)uXR 3~ (OLDN0 506

$69 AMP 01N, H"j IGO AH,q pPHSs m aGp SG# SC P;4_ -STANI 1DE6' (oUST() (EG I tU-oTN) ID1GI (RU-S SNI (0EG1

1 1.003 0.0 1 1.000 0.0 1 1.000 0.0 - 0.000 0.0
0.113 t 8.88 168:8 0.000 .0 0.000 0.0

39 0.881 180.0 L Q.f d. 0.000 0.3 48 1.3 6 3.0
S 0.235 180.0 5 ; 5 0.234 180.0 - 0.000 0.0

O.,7 -87.6 is 6 118:8 000 0. 0 3 O*
0.034. 0.0 0.000 0.0 1 -:00.o02 0.0 8: 0. 00 0.3 - 0.000 0.:4 0.1 0.0 . 88 9 0.00 0.0 - 0.000 0.0

1j d.093 Ic.0 12 0.330 100.0 - 0.000 0.0 1 1.000 0.0

f4  I 40,(.9c 33.4 1 41.261 -9b.3 1 41.307 104.9 1 4.724 -10.5

MODOE 3F, RPM- 0. FREOUENCY. 91.31 H1 IBLADE 8). 90.82 HZ (BLADE 51. DAMPING- 0.66 1

RECURO 1o RECORD N3. 408 
1
ECORU NO. 409 RECORD NO. 479

MR I IBLO.. MUI 2 (BLO SI UX 3 ISLO 81 MUX 3 BL 5
AM" PH' I GI AMP If's '' P I G MU .. AMP.P.

(mv-$T8N (0EG} (DU-STR'-) i DG) IOu-STRN
) 

(DE) S MU-ST P (DSG

I i.003 0.0 I 1.0 0.0 1 1.000 0.0 - 0.000 0.0
2 0.504 6328 10.0 00 0.000 0.0 0.000 0.0

3 13 R s000.000 0.0 5 0.218 150.4
192 .0 IN 811 0.0 O.00U 0.0 a 1.04 0.0

5 0. :1 8:24i 160.0 5 0.068 180.3 0:000
7 0.030 .8 1 10:0 - 0.000 0.0 10 0.57 :4

0d R5 - 8- .0 0.000 o.3 - 0.00 0.0
9 .313 88: .0 0.314 0.0 0.000

10 C.114 180.0 0.000 C.3 1 1000 8:8

NF 1 11.883 -26.3 1 13.105 9b.8 1 12.386 -178.9 1 16.181 -149.4

quuE. LE. RD". 0. FREOUENCY- 23.91 PI
Z 

(BLADE Bi, ?3.95 HZ (8LA0E $), DAMPING- 0.65 Z

RECUoRD o. 4:0 R6COX0 ,o. ,I REODD No. 412 RECORD 0D 12
... 1 ALO 81 MU 2 48,D 81 _U_ 3(BL 8) MUX 3 (L I

IGO Amp fI SG. ATP pHI 6 MP P SGU AMP PNSIG(MU-STRN) (DAG (MU-$TR'l (DEGI (-STRN) tDEG S (Ar$TNI (D)("-T44 • OGS oT GST
0.Q .0 1 C.000 0.0 1 0.000 0.D - 0~o .0
Q .0 11 0.000 0.0 0.000 0.0

3 8.0 13 0.03 0.0 0.000 0.D2 .8 8:8
$ 81882 8: i3 0:00 , 00 000 0.
5 a:g a 0 o0. 10o.0 3oo .0 8:8

:8:3 8:8 0.oo o.0 0.000 .0 :8 1.8:82 B: ., oo 0.000 Go.t0i
8:1. 88:8 1 00: 00 0:0 9 0:00038 0:0 - :88

-90 2 0003 1 : 80.010 854 088 1 0000 0,0 0.000 0.3 1 0.015 160-0

4F 5 95.057 -103.3 5 5.667 -116.5 5 95.395 97.2 S ?9.716 277.2

MODE- It# RPM. 0# FREQUENCY- 44.2, HZ (BLADE 8). 44.42 MI iBLADE 5), DAMPING. 0.51 1

jECOR('(. 416 RECORD NU. 417 RECOID NO. 4 RECORD 08 410
LJUX 2 (LU 8) fUX I8LD 8) UX 3 tIL

|RUG - TMN PN S$9 ARP PHs $G. AmP PHS SG ARP PS
(BGNI tDI) (RU-$TR4I (DEG I lRj-STRN1 (02GI Ifu-STRNI DE)

1 8:003 0.0 1 .000 0.0 1 0 2 0.000 0.0

3 0.000 0.0 13 0.05? 8:00 0:; 0:0,3 08.0 14 0.00 0.0 1.:8 8 : 8:8 0:0o8o 0oo .701 o189- ! o:ae o :8000 0.0 18 0.021 0.0 8 0.0

08082 180.0 1s 0.) 43 0.0 5. Ni :8: 8
.163 0.0 - 0.000 0.0 8:8 8 :8 - 0 0.01.10 0.0 9 1.000 0.0 0 8Q 8:8 .

10 0.0,4 0.u 12 1.00 0.0 - 6:808 1:1 ; 0.080 0.0
'F * 12.5 9 12.1*9 142.1 9 11.500 -6s.6 9 0.481 -93.0

.
.4 .. .• " " " ''" , ' . " % ' ' '7 ' ' ", . , . . ' .. " -. ' - " " . '" . . "- . . "- ' ' - . '' . . . . ' '

f , LU :'. ." '-,,. ".---, -.-.-.-. . '.- . -*...- •, "



TABLE 26 MODAL PARAMETERS FOR CONFIGURATION 5(a) AT 1000 RPM

RODE- IP, RPs- 1000, FREOUENCY- 19.37 PIZ (BLADE 1, 19.36 HZ IBLADE 5)s DAMPING- 0.11 X
RCORD '0. '.19 RECORD NJ. 420 RECORD 4 '21 ECORD N #21

(SLD 81 nux 2 LO0 0) MU3925 Of 6 5)
SG. AMP PHs SGI AMP PHS SG AMP p SC 9sU-tN

(Mu-SYRND (DEG$ fmu-Stvl toEG) (muoSTR "I IDE) IuU--STNN IDEG)
1 1.003 0.0 1 I.O p Q 0.3 - 0.000 0.02 0.309 0.0 11 0.0

O1O0 .. 13 -o0, IbO,8 0.3 1.160 -11.0
0.10 124,4 5 4 9Oi G. 0.000 0.01.17 123 . s '3 12 4 c . 0.262 -17.8

7 .,1 126.4. lb fQ~ -'.9.8 8. 8 . 10 0.~9 160.0S 0.oo 0.0.u o.008 0.0 o 0.,9 "" o.00.45? 63.2 9 0 . 0 9 . 0.3 - 0.0000 0.0
10 0.111 160.0 12 .055 8O2 - 0:080 0.:3 1 1.000 0.0

4F I 1b.085 Z.U 1 25.041 Z7.4 1 23.926 11.1 1 9.068 191.1

MOUE- 2F, RPM. 1000, FREouENcY- 55.30 HZ IMLADt 6l, 55.15 HZ (BLADE 52, DAMPING- 0.70 1
RECURU 40' RECORD3 3 N 424CORDNO.24Mlux 1 2LD EC flUX 80 Gf6 B2)

------------------- ------ ------
SG R AMP PH S AMP PS s AMP PH$ SGI A" PHSimU-STRNI (DEGI IMU-STR) tDECI 1AMU-TN1 IDECI (M-STUN (DEG)

1 I.OQO .0 1 00 0.0a 0:8V 10:8 1 : 0.0 0 8:o0 0.03 0.661 160- 1:0 0.000 c (.315 160.0,. 8 9:600 8: 0.oo 0.0 a 1.056 0.05.079 8:80 5 8.260 (.:a - 0000 00m.7 8:8 to ~~ oo z ,OO oo+
9 261 18: 12 2 1i8:8 2.963 160:0 - 0.000 0.0

111000 '0 1 1.000 0.0
,@F 1 9.56b -121.2 1 4.101 7.0 1 4.951 47.2 1 4.950 227.2

MODE' 3F, RPM. 950. FREQUENCY-114.34 HZ ILADE 6i. 114-77 HZ (BLADE 519 DAMPING- 0.32 X

RECUO vo 126 RECORD N3. 4Z? RECORD NO. '28 ECORDOND- 42
MJA 1 (BLO MUX 2 (BLD 81 Rux 3 (BL 81 M Ux 3 (BLO 53

$Go AMP p35 ----- AMP -- P-4S $Go ATP P345 SIB A p Ps(flu-$TRN) (0G IMU-STRI) (DEG) IMu-S/RN) 10EG) (MU-STRN1 (DECI

.9 0.0 1 o.0 o.0 - 0.000 0.3 S 1.01 8.8
.0. 31 If- 0.oo 0.000 U0 ? 0. 8:8

1 0.0 0 .0 - 0.0000 .3 5 . 40.3
1 0.037 1.0 0.o000 (. a 10 .0 1 8:8

-16.0 0.216 165t. - 00010 0.6~~03 100 - 0.000 01.0 1 106 6 2.10 1' 
00 .00 r.

g :2 t 1 032 ba5 9 0,218 165.41 0.88 )1 0 0. 13 6 -1, .1 0 .3 1 1 1 6 .0o 0 .0 0 0 o .D 1 .o o o 8 38,
,OF 1 6.118 32.1 1 6535 024.5 1 7.748 -67.3 1 4.216 -172.2

OD f
-  

E, RPM. 950 o FREQUENCY -24.4 HZ (BLADE b 0'.41. M IZ (BLADE S5, DAMPING. 0.59 2

RECORD NE. 429 
#3REORD z~, oR axD N. 4o30 RCORO NO. 411 RECORD I '.a3

Mux1LO S MUX 3 elLD 6 UX 3 LL 51
$Go AMP pHs SGG AP PHS SG - AMP PHs SGs AMP Pt 4S(MR-STRN) 01Ce (Mu- 10I (DE , Mu-sTN) 1

EG) U-STUN (DEGI

0,00 0 00 1 0.000 00 1 OOO 00 0.0
0.001 0.0 13 0.029 180.0 0.000 818 8:8
0.003 0.0 1' 0.000 0.0 - O.0. f~ 8 89~ 0:

0 y) j .0 5 1.000 0. 5 1.000 8:8 8:8
0 ' ) 0.0 15 0.022 160. - 0 .00 8:80 ~ :o3 00ob"oo 0.0 0.00ooo:61 :O, O.1 0, 000 U20 02 Do ': 00 80: ; 8:8 8 8:8
• 0031 4:0 2 0. 000 0.0 0.0 800 88 1 0:80 8.

NF 5 
9
?,1

7
J 

7
1.4. 5 94,50 34.7 5 94.438 -30.7 5 69.97?6 149.3

mOBE- IT, RPM. 950, FREQUENCY- 53.7,, MZ (BLADE B6, sO.IL HZ (BLADE 53, DAMPINGe-3.60 2
RE i O ',.0 47 RECOR 0I. %36 RECO RD 3. '.9 %CORD N

0
. '.3,

u I LX D fux 3 B2L0 I a X 3 (BLU 51- -- - - ------------------
SG, AMP PHI S' AMP pHs S;. AMP ... s, ASm P,siM-STiTNI (DEC IMU-STR'- (3 (m-s RN 1OtGI Mp$uSRNl (0CcGI

1 b.655 1140. 1 0.266 Ijb.q 1 100,.O - 0.000 0.02 #.9 -79 7 9 135.7 00
O,194 -s . 96 0,.

4.6. t 01.b10 5 ? 16000.000 0.06 33.069 105.1 1 0.73b - .8 C.0 9 1.0007 26.3 13 109.9 i 0.017 1 f6 0: 8 :. 10 0.045 160.06 7.607 112. - 0.000 - - 0.000 0.00 0.0 9 .000 ooo 9 :8 810 2:974 -61.8 12 1.707 -15-b - . 0O8,O0007b -1602:0

F 
.03 o. 9 0.005 3b.3 v 7.968 -117.1 9 25.223 44.9

S.

..-.. . . . . .. - - - - - -



TABLE 27 MODAL PARAMETERS FOR CONFIGURATION 5(b) AT 0 RPM

RODE- IF, RPM. 0, FREQUENCY- 5.19 ml (dLADE 63, 5.37 H1 IOLADE 5). DAMPiN. o.60 2

RECORD 0 RECOkOD N3. 65 RECORD No. *66 RECORD NO. *6b
Mu I (SLOu MUX 2 (.-.) MUX 3 (BLD G MuX 3 ILO 51

sG AP PHO MP PH5
MU- TN) G (MUSTR.I (DEG AM.J-STRN) I GI IMU-SIRA) (DEG)

1 1.00 0.0 1 1.008 0.0 1 b.800 0.00.000 0.02 .1 . . QO 0. 0 0: O0

3 0.363 0 0 8:08 8:8 . e 00 0:S 0.13 00 1 * 0 1063

13.19 36.6 11 3~ -93 .)0.6

5 0 .153 ISO.000 5' 83592 • lilO.O.. 5 8.668 18G.D .0:0'00 0.0
6 .053 162., 15 -.o L' .) 9 0.301 1,o.0

7 . 0 .0 lb 8:40 8: - 8 0.0 10o o.°'°°0o 0.o09 o.. DOO 0: o. a:.o 9i 0 0oo00 O
10 Q.U0) 0.0 12 0.221 0.0 888 80 1 100 00

IF 1 14.161 Z2.4 1 12.956 -71.0 1 L3,195 36-b 1 2. 072 -93.b

MOOE. 2F, RPM- 0. FREouENCY" 32.32 "1 (BLADt 6), 32.98 HZ (BLADE 5). DAMPING- 0.57 2
RECURU NO. 467 RECOID NO. 468 RECORDNO5 4bg REJORD NOL W

MUX 1 (BL3 8) MUX( 8U 3 L5

SG AMP PHs IGO AMP PH5 S5Gi AMP PgI SG M_ TNP PH
(MU-STmNi (DEG) IMU-STR*) IDEG) 1MU-sTRN) ODE ) EGooo8 o&o888: 8.8 - ,.ooo ,.o ; o.ooo 0.0

I 4:O O000 L.- 0.000 0.0

5 0.1o0 :0 8:08 1 0.31. 2.3 - 0.000 0.0

b 0.0O3 132. -0 0,000 0o0 9 0.324 -54.9
7 0. 0 0.0 1h 0.000 0.0 - 0.000 0.0 10 0. 000
a - 0.000 0.0 0.00 .00000 8:8

9003 1000.295 15.3 - 0.000
10: 0: .U 1 1 18.0 0.000 C.0 1 1.000 8:8

VF I 12.38b -115.1 1 8.307 9.5 1 7.b88 -112.. 1 Z.365 -10.2

MOUE 3F, RM. 0, FREQUENCY- 91.23 2 (BLADe 0), 9O.bO HI IbLAOE 5), DAMPING- 1.21 X

RECORD 4Q. 470 R~cRD NO. 471 RECORD NO. 472 RECORDING 472
mJx 1 IBLO 8) 2 (B.D 6) MuX 3 (BLDB8 MUX 3 EL6 SO

S-~~-- ----- -- -- - ----

SG6 AM P H5  SGI AyP PHS $Go AMP P.4 SG# M AMP PHS
I MU-ST9N) (DECO (MU.S Ri) (DEC) (MO-STRNI LI6 I (USTRNI (DEG)

, 3 0.0 1 1.000 0.0 1 1.000 :0 - o.oo 0.0
114.1 11 O.O0O 0.0 0.000

NO 100 1* 0.491 -:?.8 0.O0O 0. a ?5 :2 -47.7 5 0.116 -94.3 5 .; -0.3 6:808 8:8
815.) 15 0.466 -235.2 O.000 0.)07 o.o 16 0. 0 0 o.0 o- o 060 .D 0 8o :16 0.000 0.0 - 0.000 0.3

L 1? 0.3*,9 0.0 9 0.356 -123.5 - 8:88 8:8
O 04 0.0 12 0.359 180.0 0.000 0.0 1 :1080 0.0

NF I 3.336 *0 1 
3
.
5
40  146.3 1 3.457 125.8 1 t.073 125.8

RODE. IE. R'M- 0o FREQUENCY- 23.bb HZ 4BLADE 8), 23.68 mZ (BLADE 5), DAMPING. 0.6?

kECORu 40. 473 RE CORU NO. 474 RECORD NO. 475 RECORD NO. 475
Flux I (ILD 8) MU'2 (8.0 81 AUX 3 (bLO 81 UX 3 4SLD 5)

A P N P H
I 

sM C. I$08 AMP PHI $01 AMP PH5 SC M HI SS AP H
MITU-SYN) IDEGI (MU-sTRN) (DEG) lMu-STRNI IDEG) (MU-S1RN) I tGI

1 0.U23 0.0 1 0.02? 0.0 1 0.023 C.:08.0 0.0
2 0.00D 0.0 11 0.077 0.0 - 8:8 8 0.0
3 0.00 0.0 13 0.035 10.0 0800.0
S~Oo 0:8 .0 ooo0 0.0 - 0.0

D.bZ 0 .0 15 0 021 1600 :2 00 O .0 1 0.000 0.0 " 0 8:8 ; 8:8 8:0
18 .0000 0.0 1.000

0 . 0.0 q 0.136 0.0 v 0 125 8:
1 o o 180.0 1z 0.000 0.0 - 0. 0o 0.0 ; 8:8 8:8

NF 5 180.179 118.9 5 162.144 8.3 5 179.738 S1.0 5 150.7S7 231.0

MODE- 11, RPM- 0, FPEOUENCY- 44.19 HZ (bLADE 81, 47.22 HZ LADE 51, DAMPING- 0.53 2

EORD 40. ?b RECORD NO, 477 RECORD NO. 4?8 RECORD NO. 4*?

kI IBLD 8) MU. 2 (a. &I FUX 3 (OLD SO

$G M PH S AP PH$ 6 AP p$ AMP pMs
I F (DEG (MIUTRI (DEGI (MU-STRN (08G) (MU-STR) IOEG)

1 0.000 0.0 1 0 061 0:0 2 :~ : 0.0 .0

%3 0:038 160:0. 3 00 8.8 5 s :4 0:10 180.0 13 0:022 188 :1 8:88 8: .05 1 100 5 0.208 1: 18:8 -IS:1 8 0:
b 0.o8t 1 0 0 0 is 0 34 0 - 9 :0000

7 .ooD o.o lb 0:00o 8:8 I: o.0

a 000) 00 16 0 0 8:8 8 e:3 10 0 009 1.000 0.0 - o:800 8:0 8 00
10 .000 0.0 12 0.998 0.0 O:8808 8:3 8000 .:0

IF 9 2b.965 170.0 9 27.024 88.2 9 2b.9*b 82.6 9 1.247 f1*1q

,".".



TABLE 28 MODAL PARAMETERS FOR CONFIGURATION 5(b) AT 1000 RPM

ODOE- IF* RPM- 1OO0, FREOUENCY' 16.73 HZ (BLADE 6), 16.71 042 (dLADOE S) DAMPING- 0.19 1

RECOR0 O. 440 RECORD 'do. 441 RECORL, No. 44 kE£ORO eO. a 2
RUX 1 GBL 61 NUX_ 2 (BLD l9 UX3 3 (BLD 69 MU 3(SL0 5

SGN AMP PHS SG AMP 95S A5P PH; $60 AM

SMU-STRNI i0169 (MU-STRdI t~o 9 G)MU..S 0) IDG 0168_ (-TEN, PI

1 1.00 0.0 j b:88 8: 1 1.0 0. - 00.0 00 0.0
- 0.000 0.3 : 0000 0

: 18:8 11 8:8  8 8: 0.000 0.3 5 1.136 0.0

0.7 60 0.000 . 0 0:000 0:0
7 3 3.z20 8b 0.000 0 0 10.6 0 0 0.0

1 .70 8:8 8 0.701 0.8 8. 00O 0.010 0.16b 160.0 12 .56 . 0.O00 0 0 1 1.000 0.0

IF 1 34.162 -125.3 1 48.141 03.7 1 41.898 125.5 1 31.794 305.5

MODE. zF, RPm. 1000, FREQUENCY- 55.50 NJ iBLADE Sb, 55.15 H ($LADE 51, DAMPING- O.9 z
RECOID mO. 443 RECOko NO. 444 RE URU NO. 445 RECORD NO. 5

(BLO _8 RUE 2 GLD 89 MuM 3 (BLO 61 RUX 3 (ILD

568 AMP PHS S68 AMqP PI.s $G MP P4 SI AM H
IMU-STAN) 01G6 IMU-STR4 (DEGI GU-ITRNI (DEG' I(MUP-STRN (0E)

1000 0.0 1 1.000 6.0 0.000 0.0
2 6:88 -0.356 ., . 0.000 0.0 2:80 8
3 .5, 0 28:8 .0 0. 00 10 .0 a 8:8

5 71 :o 3 300 103 1 :808 8:86 - 6 3 180.0 0.000 0.3 9 6.39

1 665 : 9 2.000 180.0 9 o.ooo 0.3 8: 0.: 8:8
12 5 - 3.766 160.0 - 0 0 .1.000 0.0

NF 1 3.585 -13.4 1 b,993 -54.9 1 5.975 179.1 1 7.213 359.1

4ODE- 3F. RPMN 1000, FREQUENCY.llb6.5 NZ (BLADE 81, 116.63 Z (BLADE 51, DAMPING- 0.12 1

RECOIU 40. 44b RECORD 4# 47 RECORD, O. 446 RECORD NO. B
_ U--p (BL- M1 RUL8 2( 0 U RUA3(SLD L 1 MUI 3 (BL___

SG# AMP p s Go, AMP PH. Sol ..... MP.
(Mu-ST4N) DEG) iMU-STR4I (UE 

)  
IMU-1TRN) (DEG' SG (RLUSTRNl (0EGS1

1 1.000 0.0 1 1.000 0. - 0.080 0.0
0.809 160.0 0.000 6.0 0
0.'85 15.1 0.000 0.3 S 8.§8 -6:20 .000 0.0 - 0.000 0., * 6.04

5 0.221 -140.2 5 0.101# 180. -0..8 0 8:8
14 0.61b 0.0 - 0.000 C.3 9 0.4 3 49.0

0.156 -1b.06 0.000 C. 10 0366 -149.9
6- 0.000 0.0 - 0.000 0,.3 - 0.0 0

9 0.170 0.0 9 0.191 0.3 - o.oo 8:810 12 0.411 18O.0 - 0.000 0. 1 1.000 0.0

%F 1 1 9.861 79.4 L 1.417 -77.3 1 6.634 53.6

qODE. LE, RO M- 1000, FIEQUENCY
, 
94.83 HZ (BLADE 69. 24.83 HZ (bLADE 51, DAMPING. 0.79 2

RECuRD .*49 RECORD No. 450 RECORD NO. 451 RECODN,. 451
... (L _lJ ) 2 1810 6) --- X 3 IBLD ) R___ S OLD 5)

SGS AMO PU SG# P45 IGo----- -
m

s Sl m ~
4 58 M PH 568 AMPU-45T56 AMlP P945 SC'S AMP PHS

(mu-STRN) j6I imUfTN4I (0eG) (Mu-STRNI (DEGI (MU-STRN) (DEG)

.00) 0.0 0.000 0.0 0:000 0 8:808 8:8
OO 0:0 13 0.027 .0 -1:00 80 &

NO 0:8 0.0 14 0 . D00 0:0 0 0000 d1 6 9 8:o2 0.0 5 :oco 0.0 3o 8:8 168:890 0:; 15o~ 0 o0oo0°0 o0°' o0o°° 0:00 &o 8:281 8:8
.0.0 9 0.239 0.0 9 0.238 0,38

Lo (to01 1s.0o 12 0:000 0.0 - 0.000 0. 8:829 -11:
IF 5 142.404 82.5 5 141.28 73.4 5 132.189 -LO4.8 5 99.627 75.2

RODE- IT. Pfm- 1000# FREDUENCY 50 .23 NJ (BLADE 61, 50.51 HZ (BLADE 51, DAMPING--0.74 Z
RECORD .6. 45 RECORDN. 4?0 RE CORD HO. 159 RECORO 4. 9

MX I BLO 81 RUE 2 LO 6 PUK SOLD IUX 3 51

SC.. A..N PHI C'S AMP P G S' AMP PHS SG' M
4 M~.. IR' 1 01 IMU- ST R.1 (D 6 MU-STRH9 (0169 (MU-StN) (0103IIMU-$ N)IEGI (R-T DEG R'TN OD

1 0.1d0 15b.6 1 0.220 10. 0 2, !9 142.1 0O 0,0
0.031 167.3 11 0.126 160. 08:8 O00 OO0 8 14b 0.0 13 00 -48.3 426 133:?

4 0.146 -10.2 14 0,) 111.9 .I0406 1600

5 1.656 151. 5 2:W2 180.0 5 22Z81 1. 9 : 000 .
6 1.34 151%9 15 0 .73 0.0 . 000o° 8:1.0
7 U.000 0.0 16 0.09

122b 113:3 O:00 168:8 8 1 000 o 0 cooo 8:8 8~o E:3
10 0.144 -36.4 12 154 8 :6 160.0

NF 5 5.924 8b.d 5 2753 -141.7 1.000 0.3 5 2,.327 4b.3

I : : : .' . .. '.'- .: - .: -'- . ' .. : -"-'. ... : ' '. .. ,: . : -'- .: '''''". .. . . ,. - . . . - . ,. .. . .. -



TABLE 29 MODAL PARAMETERS FOR CONFIGURATION 6(a) AT 0 RPM

400E. LP9~ RP" 0' FREOUENCY' 5.16 'lZ (SLADE di, 5.35 Hl fdLADE bit DAMPING- 0.53 2

M ~ M AIORD lb 6 0NO. 411

(MU-STRNI 4DEGI fnu-S7Rv) (DEG) jMuSItNjIDt NXIOlI

4 010 00 14 U:8s 8:8 L .88 0.3 8:00 8:8
5 0:143 151:2 5 8:441 18: 8:S 8:846

1 0.042 132.3 is 4 : 9 0 11 80

90. 0.0S0.

11U0) . 2 0.234 8.8 - 0.080 0. 1 1.000 8:
4F111.05? -111.2 1 10.226 125.6 1 L1.291~ -154.9 1 18.170 -317.5

PqOUE- ZP, RPM- 0, Fq(EUUENCY. 32.05 H1Z (bLADt 8), 32.70 HZ tgLADE 5), DAMPING- 0.68 Z

RECORD) d0. 412 REOR,3 16 EORD 2 8LR&OD( 48*
Mux-1 (BLO 6 AU I 

0 ~~B K3i X OLD0R NOS**

SOD AMP P H SG. AMP PHis SGO AMP P91s $Go AM4P pqs
gnu-STAN) I DE C' (AU-STRV) (DEGO IMu-SVkN 90*GI IMU-STIIEJ (OEGI
1 1.000 0: 1 1.0 .0 1 1.000 0.0 - 0.000 0.0

2 0.113 0.000 030
3 0.69D 160: 0 .0 00 vC.D00 80

z' 0.3 0.000 0. 6 1 027 0.0
-32.? 0.380 14.7 - 0.00 0.0

6 (J0- 36.3 15 0 0 .2 .7 U 03 16 8: 0:000 0: 1
10 0.003 8:0 :28~ 83 - 0:0 0.0
0.0002 12 03 0 10.0 - 0.000 (3.2 I1 o0 0.0

.4F L 5.488 10.5 1 6.669 29.5 1 6.6444 153.0 1 13.611 333.0

MODE- 2f, RPM- 0, FREOUEV4CY- 94.23 41 1BLAOE 61, 90.47 HZ (bLADE Sit DAMPINGO 0-34 It

RErO U 90t". '491 RECORD NO. kk RCORD No. 493 RgC0R NeO. 4#93
MJ 3(LD 8) MUR 1 (a- 6 MUX 3 (BLO ) MUX3ISLf so

SOS Am;, P e SOW tjAPj PiS Ie AMP", H SC.O APP PNS
(MU-STANl tDEG S'I SR4 GoE (AU-STRN O (MU-S RN EDGO

1 1.00) O.J 1 1.00 0.0 0 .O 0.2 0.000 0.0
2 l0.609 I60O 11 0.6*7 160.3 - .3 0.000 0.0
3 U.10 . 160.0 rd 1 e, 1. ).t6 V. U 140. . a 231 160.0

18 U' IU0 S 8:8"- 9 1S J - 0:301 8:00
13: 1 Is S0 a,# 3 0: 0.214 0.0

d D.847 0.0 - 0:000 0:0 8:808 0.0 1 00 0.0318:
9 O6S0.0 9 3:3 C 0 0.090 0.010 :ll e?8 2 0 41-0 10 0 000 00 :0 00

'IF 1 5.96? -58.9 1 5.471 -91.5 1 5.902 -173.6 1 7.146 -185.6

MOUE' IE, kPM. 0. FKEQUiNCY. 19.96d P41 1LADE bi. 20.06 12 HZ LADE Sit DAMPING& 0.69 2

kkaD oRECORD N3. #*89 EC D. 4O90 RCR O 9
Re.~3CU3 O0O BME2GL iNEILD 6) RECORD ND 490

$68 AMP pHs SOs AM4P PlIS SGI (MUSPI P943 $GoS M
(Hu-SYRNj IDEG) 4MIU-STR'iI (DEG.) _ (Jl EGI 4MU-STAN' 1DIG)l

1 Oe2 *0. 1 0.022 0.0 1 0.023 C.3 .2j 88- 8 11 0 073 0.0 - 0.000 .8: .0 1 0.03b 180.0 0.000 0.0 5 :~ s :8
4 8: 1 0.000 0:0 ; 0:000 0.2 6 6 :

88 1 .000 0.0 L .070 0.0 0":
1 83 8:8 ;6 0:033 10.0 - :000 0O.0 8- , :

10 0.081 160.U 12 0.024 6: 0.000 C:3 8: S:8  8:8
4iF 5 59.104 -69.1 S b0.193 -61.9 5 59.324 112.7 5 47.90? 292.7

'.. MJE. 17, RPM- 0. F-IEQUENCY. 37.75 PIZ IwLADt Sit 37.62 HZ (BLADE 51. OAMPING. 0.40 1

RECOCORD NO. 445 R E COlD NO *06 49 6MI U'o 29 (8.0il I MUK G3 l6L Sa I9

SOll Amp P S O AP H AMP pHs SC$EP o
E'' MU-14N iO-6 I MU-TK41I DIG' IMU-VIRNI IOEI MUSami) 101G)

1 04291 -14.1 1 0.79 0Q 1 0.305 -17.5 0 ..00
2 0.462 162.9 11 8.1 8. 8:8 8:8.0: 8:0

2 0.462 0.9 11 0:.0 - C. 5 :10, .
*4 0:279 164.6 14 0. ?5 1 g 0: ? - 0. aS 7
5 1.000 0.0 5 1.000 5. 8.83 0. 00 1:

1 3462 -17.3 1- 81 8 NO 10 to~
910 .252 -. 0 9 769919~ 6:3 8: go 1:8
10 0.031 -100.1 1? 6.* - ~'6 - .4 .0 1 0. 94 0.0

%F 5 2.107 -99.6 5 1.95? -54.7 5 1.979 -51.6 S 1.65* 126.4

"a%



TABLE 30 MODAL PARAMETERS FOR CONFIGURATION 6(a) AT 410/710 RPM

moDE. 1IF. RP M-110, F4IQUENCY. 9.3b HZ ISLAL Sit 9.53 HZ (BLADE 51, DAM1PING. 0.42 X
I'fOD43. 525 RECORD NO. 52 RCBON. 6
6) lRDix I (!CORD A) Aux 3 IOLD U1 fUX B O 5D

(Mu-STAt oEl 0 1 S' 1-UX71.1 4DECGII 4N"SAND IDIG) S mu-STUN) (08GbS
1 1.083 0.0 1 1.000 0.0 1 1.000 0.0 8:- 80

go 3. 13 0 035 1,60.0 - 0.000 02 3 ?~ 6:

0U 16 0.021 -161.1 0.0008 8.3 1o8 8i9 9~: 0:405 80:0 ; 8 0. 8% 0:to 0.3t5 5.3 12 0.138 60.0 0.0 0 1 8 8:
'4F 1 5.714 -27.? 1 9.289 -12b6.4 1 17.b70 127.4 1 21.441 307.9

mODE. 18, RpM. *10, PNEGUENCY. 21.33 Hl (bLADE 0). 21.33 HZ (BLADE 51, DAMPING. 0.47 Z
RECORfL) 4 21 16CDRD NU. 522 RECORD No; 5J3 0EODI~ 523

-- mu - 8 -).-- - - -- - ---- -A--------------OX L -
SC. Amp [H S SGI LfI1 OPHI SCM ANP PH S SGO AMPl AVjMU-STRW Nt o GO INU-S'I EGI iMU-S T AN (016G 1"u-STAt R DP E

0.00) 0.0 1 0.000 0.0 1 0.000 C8?000 0.0
0.0 .0 11 0.000 0.0 1 .000 0004

0 ,.QE 13 0.029 165.9 :SS-80 :U :88W 0. U ~ 1 :88 0. 100 0.08t:

8: . 6 0.000 0.0 0.000 8:3 S'~ ~:
2Z O - 0.000 0.0 - 0.000 88 - '
.. Iq 0 276 0.0 9 0.277 0. 8- :1 03 18:0 2 0.026 0.0 - 0.000 C.C. 1 0:888 0:8

4F 5 57-Z74 -3.6 '5 6.262 -132.3 5 130.38? 3U.3 5 98.01? 216.3

ROE- IF, RPM- 710. PaEOUENCY. 14t.26 HZ (BLADE SI, 14-22 HZ IbLADE 51. O&APINC.-0.15 2
RICUK 1)0. 515 RE cOkDDN RECOR1D NO. 517 k6CORD NO. 517

Mul I ELO 116z8. to flu S O U UX 3 (OLD SO
----------------------------------------------

SCM A4? PHI SC' AmPj PmS $Go $M H GI- AMP P;;S
'P(MO-STZ0) D ~EG (mu-S TRd JDOE fUATI (DE~cl (Nu-STRNI IOEG)

I 1.002 D.V I1 .Q 0.0 1 1.000 0.0 - 0.000 0.02 043 60. 1: .0 . .0 .3 :l I/11 0. i .S 0.:000 0.:0 80215* -99.600 05? 0. * 0*7Q( 0.000 G.0 a L.030 0.0
5 0.8 126.0 5 I.jG 1:. 019 160.0 - 0.000 0.06 0.09*i 100.3 is 8:1 000 0.0 90 0 37 0 055 18: I! a 0.000 to00 0:30 1

S 0.873 -: 0.000 03 - 0.000 0.9 .11 0 kqi 1. ' .13 0.0 - 0.0 00
10 0:07b S 1802 0.0:1 - 4.6 - 0.000 co.2 1 1.000 0.0

4F 1 22.99% 144.0 1 1.713 -4b.0 1 21.95b -136.1 1 11.350 -25.3

MODE" ZF, RPM. 710, FkEGUENCY- 45.32 HZ ISLAIJE SD, 45.03 H1 (GLADE Sit DAMPING' 0.52 1

RECORD 140 1ib RECORD NOU. Sig A CORD NO. $20 RECOjDWO N O. 2MU 1 (BL5 A~ MU 2 (8.- D MU1 A X OLD SD AU us SLO 5)--------------------------------------------------------------------- ----------
$G1SC Aqp PHI SCm _A;P OPmg SCO Alp PHI SG. AMPN PHS1

tMU-STAN) (010,Im (M-TRD IE (M-' N 01(U-S RN) (DEGD G
I ID . 1 1000 10.0 - 0.000 0. a:8 0.a 11 0. .500 0.0 1 0.000 0.0 0 :

.2 10.0 1 : 0~.: 0.000 C.3 to.!~111  1 0.000000 0.2? 1:S 1* .452 1880.0 5 0.3S? 160.3

:99~ 8: 0.00r 0.0 0:000 0.0 10 U568 888
10 U..bE 180.0 12 ESblbl IS 1608 - :~ 0 .000 c8 8:8

*41 1 17.65b -2.4 1 19.*480 560 120455 112.? 1 22.175 101.7

MODJE. 18, RPM. 710. FREQUENCV- 21.79 Hl (BLADE SD, 21.75 Ml IbLADE 51t DAMPING- 0.?2 X
RtECORD 40. 512RC00 4.3 RECORD NO. Sill RECORD RE O . 41
MUI 18(LD 81 MULO 2 1806D M ux 3 1126 5)4 MU1 ISO

S(O~PHIS SCM . AMP Pmj 7901 AEGHOSM 4M H(MUIKI 01) (M-TAD 1 
EU(u-STANO DM13(UME DG

1 0.003 V.0 1 0:021 151. 1 0.021- 0. 00 .02 0.002 0.0 11 0.72 1 .8 3.3 0.00) 0.0 13 0.029 8_ 08 0uO :03 0.003 0.0 13 0.029 168:8 - 858 :5 .00 0.0 5 88 s
7 0:456 0. 16C.000 0.0 8:888 8:8 to DIPS is :86 0.Lag 0.0 00 0.0 s.o 0.0000 z.45 16. 12 0:~8 00: 2 9:6 03 8001 .0Dt 0 62 1 NO0a0 0.5 .010 0.0

%F S 114.44*k -4.1 5 111.466 -20.8 5 100.016 15b.te 5 ?S.3
4
3 336.4



TABLE 31 MODAL PARAMETERS FOR CONFIGURATION 6(a) AT 1012 RPM

400E" IF. RPM- 1012. FREQUENCY- 19.5C Hl (&LAUE 8). 19obl HZ ISLADE 519 DAMPING- 0.11 1

RLCORU 406 100 RECOO N)3. 501 RECORD NO. 502 RECORD.N0* 502
MUX 1IALU-. MUX 2 OBLD 6) MUE 3 IBLO SI MUX 3 RE LO 5)

--- --- - - - - - -SG AMP PHs SGC AMP PIS SG AP P1s SGC AMP N PN
(Mu-STRNI (DEGI IMU-STRN) EDEG tMU-S RN) (DEG) liU-STRN IDEGI

1.000Q 0.%) 1 1.000 0. v I IuQ .3 -0
0.117 0.0 - 0.000 0.3v

I 8:I : : h o.338 o - o~ooo o. 8 *:
8 4 0:02 1-: 0:0 (0:3 5 0861 8:8

0:37 -o.8 - 0~o 35 6.3 . -:

10 0:18 180:0 1; 0.000 0.0 - 0.000 0.0 8 1O0? 8:8

IF 1 30.089 -84.1 1 33.104 13.1 1 30.904 62.3 1 17.551 132.0

MiODE- ZF
, Rpm. 1012. FRF0UENCY. 55.58 HZ IVLADE ), 55.61 HZ (SLADE 51, OApING--0.44 2

RECURD NO. 503 REcoRU NO. 504 RECORD NO. 595 RECOR 505
MUE 1(BLD SO x 2 i81D K) RU 3 1L MUX 3I16 5)

SC, AMP p HS S.G A T PHS SCM AMP PHI SCM AmP P S(MU-PTRN) (OtO) (MU-SRIO SDE) INU-STREN) (DEG. Iu-S1RPNI OED)

000 0.0 1 1 .000 0.0 1 1.00 0.O O*
0 :03 0.0 11 0:5'.s 100.0 - 0:00 0 0 0.0

3 0 1 0 118 0.0 0,OO0 000 5 0.184 160.0
4 :17 1 8. 1 8 80.0 0oo0 0.3 a .os :o 1:8 o- ; ooo gg0:606915 0:00:000 -3 3%8.

? :o0 -'8:9 1 8:69 10.0 0.000 0.0 0 0.3 6 0o .0
a 0.0 6 0 0.0 0.000 0.3 0.000 0.0

1. 0:5 y . 0, O57 OO .

10 w 185 12 0O.1 160.0 - 0.000 0. 1 1.000 0.0

IF 1 13.254 -144.3 1 17.O3 -141.1 1 11.595 96.8 1 18.528 96.8

4OUE' 3F9 RPM- 1012. FREOUENCY116.65 PIZ (bLADL 8). 116.63 HZ (BLADE Ste DAMPING' 0.57 1

RECiORU KU 506 RECORDN3. 5o7 ECORD NO. 506 RECOrD.NO. soS
MU 6 1 

6  A u 2 ,M O P X3(OLD 61 flUX 3 SO

SG o MP PHS 569 AMP PIS $Go AMP PHs SGC AMP PHs
ImU-STRN) (DEG) MU-S1 Rd) (DEG) IMU-STRNI IDEIG (KU-STRN

I 
(DEG)

I.Q . 1 1:coo 0:0 1 a 000 0:3 :11 1:035 o1o6:o .o - 3.0oo 0. - 8:80 8:8
S.834 40.9 0.000 0.3 8:5
, 1 7 1 0.0 O0 0o 1883

~~* 1:3~ ~ 027 49 - 000 00 - 18 iIS 16 0.2 180.1 0.000 0.0 0 * 2- 4:y - 0.000 0.0 0.000 0.0 -
9 . Tb 9 0.47Z 160.0 -0.225 - 1 0: :

10 0.118 180.0 12 0.668 150.0 - U.000 0.0 1 1.808 8:8
IF 1 10.131 -95.6 1 9.906 -176.4 1 11.682 -7.3 1 19.006 -80.4

MODE- LE, RPM. 1012o FRFOUENCY- 2Z.25 HZ IBLADt 8). 22.39 HZ MLADE 5). DAMPING. 0.78 2

RE . ~CORD46 0 oi NO. 510 RECUJD NO; 511 REC0ORDI V0
6UX S ( EO 8iS6LO S) MUM I K V I

sG9 AmP pH5 SG ATP PI$ SCM AMP PHS SCM AMP P11S
INU-STRN) IDECC IMU-S RI) (DI (Mu-STRN) IOEGI (MU-STRN) (DEG)

0.035 -89:3 1 0:022 -118.!4 1 0.02? Z-2O 000 .o03 0.0 11 0.044 -5.0 0. o 8o3 .88 8:8
00088 0:0 3 0:029 160.0 0. :

0:0N 0.1 ,14 0.000 0.0 0:0 8:0.0 o 100 0 0 0 84 8:8
a 1:90; 00 5 1:000 0.00 8:?
1 001 00 15 0 0.0 - 0 8 9 8:1 18

~ ~ : 16 8.OD8D u8:
SO: 0: 0.0 0:0 0:88 8: 1 8:888 8:8

:0,03o 1200 0.000 0.0 - O.OO0 8:3 O
%F 5 7b275 -131.4 5 70.482 12.0 5 66.318 123.5 5 S0.?S8 303.5

MODE- L1t RPM. 1012, FREoUENCY. 40.63 Hi ISLADE 9). 40.67 HZ IBLADE 51, DARPING. 2.00 2

RECICO 46 7 RE C04126 196 DEC1R23D. 99 ''
MOE 1 SLO * MUx a (.ux 304 X3 1D1

S C M A M P PH S C A f P P H I S C . A P

(M-STIN (DEG 4MU-STR ) (DEGC IRU.-TiN1 (0)PH$ (MUST*Nl la10
1~* 0z ~o , .036 0.0 1 0.O 005 10.0 - .O.00 0.0

12 ?:824b 111: -1 8:88 6 8o
3 0.051 11- 0 00 (0 3 ~ 103 : 000 0 .0?:

5 3.151 160.8 S R:i 4 ) -11 3.131 C.3 - 0.0 0 :
2. 001 160. s1 79 1 0.000 0.3 9 .000 .0

.4?I iOO a 8:3 - O0O 0,0 101 :114:6o056 ,o118:0 :8a! ; 0~O 000o o0°' - 0~oO'O
10 ,/O 10 U 1? 0: - U.OOO o3 1 0.000 00

o IF 9 6.297 170.4 q ?.631 7.3 v 4.02b -107.0 9 3.230 -Ill.?

.4,

,. %_ . '. ,,. %i .. . _ ''1, % . . . % . .. . *.* %* ,. ... ... .. . .. . . . . . . --. . - ..
of . . . . ...



TABLE 32 MODAL PARAMETERS FOR CONFIGURATION 6(b) AT 0 RPM

DATA NOT AVAILABLE

MODE. ZF, RP. O FREOUENCY- 3Z.62 HZ tbLAD: $, 32.66 H tBLADE 5), DAMPING- 0.60 %
JEcoROIN. S3D R DOR 1 N. 531 RECORD NO.1

2 I |BSO REC OD A 0xu_ -- III X) 
AUX - - 8 1 X 3$G o $ SI AM P PuS SO AMP PIs S Go AMP

(MU- NYI 10EG) IMu-STR ) IDEG) MU-STRNI OEG ( NU-STRN (D

I 1.00) 0. 1 1.000 0.0 " 0.O00 00 o4 0:0 it 0:6:Z 1 8 6:80 8 : - 0:0 :03 , 0. 8:3 13 1 8:-09 160SD,39 10.o 1, 0.3?5 160.0 - 8:808 8:3 a 6:8 10
0 0.001. OS4 00 Is 1 0,.0

0.01.00.0 00 - 9:8 8 8 :88
9 0.3Z1 0.0 0:320 -10. 9 0.008 8 :07 *70 12 0,172 12 1 1 100.

NF I b,974 28.1 1 6.297 -78.2 1 7.070 -77.Z 1 41.226 -77.2

MODE- 3Ft R'M- 0. FREQUENCY- 90.32 fZ (BLADE 81, 90.45 MZ (BLADE 5). DAMPING
- 

0.44 2
RECURJ NO. 533 REcoRNO. E 3 REOO0 oN C

* fUE ILO 81 nUX 2 IBt.0 8' Mu3 IL
8 

'UX3s , , ... ; ... __ 8.... V; eft 135,s s
* - - ---------- ------ IL S. ------

SGI A 5P PH$5 SGI AMP P $~ Go AflP N~s $G11 A
INu-S 'N) IDEGO ( 'U-STREI (OEG' (MU-STRNI I0E (£U-TIN) IDEG

I L.003 0.0 1 1.000 1 0.0000.0
2 0.000 0.0 11 o., 188:8 8:0 0.000 0:3 oQ.ooo o0.0 13 0.167 g:8 8- 0.,o, tg.
4 10:323 -37:7 14 0840 8:8 8 1: ? .5 0.391 95.. 5 0.06 8. 8:8- :000 0.0
6 1.598 -19.6 is 0.375 •.8 - 0, OO6 0

- 0. Z36 8:o:UOo 0~ If 0:19 18.8 - 8:8 8 a: 5oo. ,:
8 7.03 -3, 12 0 - 0.000

24 .~ 1 1.00000:

z. . -31.o 0o, o.54 8:3 NO ."°°o ~
10 1 .o038 142.6 12 o.445 10o.0 0:080 o-3 010oo 0.0

NF 1.000 0.0 1 ?.1z2 -173. 1 7.159 106.9 1 00-7q 1o0.9

MUCE. IE RPM- 0, FAEQUENCY- 19.96 HZ IBLADt Sbit ZO.0 HZ IBLADE 51, DAMPING. O.bS I
RECORL ,'0. 656 RECORD NO S3 RECORD N. ,30 REcoRD NO. 536
UE I (BLOd NUX 2 (L

6 
DUx3 SOLD A) Uu 93 IOLD SU

SGI AMP PHS SCG AMP PHs SGI A S~G AfP ps
(.AU-STk) IDC I(Nu-STR) (UEG) (MU-5TN1D iDEG) (MU-S RNI IDi

o0000 0.030 -10.2 1 0.000 0.0 0.000 .0
0.o00 8:8.8 8 0.0000 0:0.0

0 0000 0.0 01.0000 1:3
0.001 . o 8:8 - 0.000 .0 0:1*0

Sooo; 88 -=: ; ooo oo-0.000 0.5 .0, 1000 0, - 0.0 AflA
2  

_ 00 a .a.656 8.888 0:8O 0. 0. u*1 1.? 0.00 :8 16 S0 000 . 1 - 11.7
7 0.003 * U-6.

0.19 0. 0- 0.0 10 :000069
.0 8,9 1220 13.2 0 01 8, eb ?9:6 12 0:0o - ,0 - 0.0 1 0.000000 0.0

m
F 

5 64.078 1 82.429 84.1 5 03.786 -45,.0 s 65.*30 -ll.?

MODE' IT. RPM- 0, FREQUENCY- 37.81 HZ IBLADE 8i. 36.51 H (BLADE Sit DAMPING& 0.64

RECRD NO. 3 RECORD Nj 50 E oRo NO. 51 ,ECOD N. s R1MU: 1 (SLO 0 MU: Z ESLB D fl UX 3 IDLO S NUN-3 ILO 5
- ----------------)- ----- --

SG. AMP. PH'S r -T'Di(M-YN 15 ~ M .4
IMU-S 4N (DEGI (MU-STR-D1 101661 'Go IMU-STN UNS ;0G

0.0 2 - 0.0 0. ?1 .
ft I:J t .00 . .o :

0 .00 0 0 0 .-12 0 .00 0 1:I89 8 68:8 , 
8  0 0. 1 is!Q

NF 10. 08 o.o 00 - 0.000 .3 8 8:
9 15.98 66.3 9 15*01b -23.1 9 15,b5 11*,4 9 3.92O -*7.1

%. 1 .



TABLE 33 MODAL PARAMETERS FOR CONFIGURATION 6(b) AT 1000 RPM

MODE- IF. RP. 1CCO. FREQUENCY. 16.50 HZ (BLADE 6), 15.49 HZ (BLADE Si, DAMPING- 0.27 Z

RLCJRD '4o. 549 RECRD NO. 550 RECORD NO. 51 RECORD NO. 151
MUX I (ILL 81 MUM 4 (B.0 81 MU 3 4BLD61 M UX 3 BL I

----------------------------------------------------------------- ----------- -------
$Go AMP PH$ SGI AMP pHs 5GS AMP PHS SGo AMP PHS

(MU-STRNI IDEG) IMU-S1R'I IDEGI (MU-STRNI (OEG INU-STRNI (DEG)

0 0 1 1.000 0.0 1 1:000 (,a 0.00 0.0
6:1 - 11 0.214 000 .

3 ? 13 0 Oo'. , o.0 - 0.000 0. 6? 8:84 :4 ; ,:8 1 It .0ob 0o.0 - a~o . . :4 ~z 1o2 .0 o5 o 01701 ('.33 - U 8 8:8
t i 0.028 117.5 - 0.000 0.3 9

S1 .033 132.6 - 0.000 6.0 10 8:1!8 -1693
0.003 0.0 o.o 0.:08:84 8 0.77? 0.0 0 9 0. 8:808 8.0

10 0.0194 12 .05 0 . - 0.000 0.0 1 1.000 0-0

IF 1 25.443 17.5 1 24.Z37 -146.9 1 25.291 -57.t 1 19.916 122.6

MOOE- Z2, RPM- 1000, FREQUENCY- 55.24 HZ IBLADE 6), 55.26 HZ IBLADE 51. DAMPING. 0.LL I

RECORo '40. 55. REORO .RECORD 5. , RECORD NO. 55'4
MUX I (SLO 8) MUD2(BLOu- MUM 3 BLO MU B E SLO 51)

SGS M H 6 AMP P~$ SG11 AMP PHs 566s AMP H
(mu-STN1 (O) (MU-STR) (DEG (MU'STRN) IDEGI fU-STRNI toDGI

I 1 o0 U. 1 1:000 lo~o I IoQQ D~ - 8.000 0.0
0 045 67:l 11 0.148 0:0 OOO . vow 0

S.sz, 10.0 13 0.3 0.0 - .0 :8 0 5
0:1T3 180.0 L4 0.435 180,0 -- 30.0

1 4 13 5 1 866 10.0 26 5:
1: 7 9 0.10 -o.2 -is.0ISO -b3.*8:
I .Ob 0. 16 oo 0.0 0o0 8:8
S 6 0. . -- 00 0 8:8 8:0

IF 1 14i.9b2 6b 1 17.Z48 72.6 1 11.573 72.9 1 14.517 ?2.9

MODE. 3F, RPM- 1000, FRSOUENCY-11b.39 Piz IbLADE B), 116.16 HZ (BLADE 5It DAMPING.'0.41 Z

LCORU No, 555 RECORI) NJ, 556 RECOIDINO. 5-7
UX I (deb 8) MUX 2 I1D 6) MUX a NLO. 81 AUCO (VLO S1

SGg MP Pti$ SGo AM PeiS $Go AMP P.1 5 $ AP N
MUATA NI (DCEGI (MU-STRII DEL;) Iu-STRNI (DEG) (MU-SN It E

1 1.000 O.o 1 1.00o 0.0 0 0.000 0.0

5 1.45 1. 8 1.103 0.0 8:86 0 0.0

0 8:128" 0.05 1- 0 . 10 .0 - 88 1b: 8- 4 6 0.0
0.Za7 3 3. 0 0.15 1000 8:908 8:8 O*OO 0.
o.28b 13.. 0 o.,o 02.99 0.3*5 106. 8:88 0.0

10 0.119 18a.0 1? 0.499 165.3 0.000 1 1.080 0.0

4F 1 9.480 -105.0 1 9.609 -82.1 1 d6799 -14*51 1 16.2b9 -132.7

MUDE LE, RPM* 100. FREQUENCY- i2.?4 HZ (BLADE @I, 22.OZ HZ (BLADE bit DAMPING- 0.92 2
RECURUriC. N 46 RECOkD NO. 547 RECORD NO. 546 RECORD NO. 96O
MUM iILD B) MUM 2 (BLO SI MUx 3 (54.0 6) MUM 3 (SLD 91

$Go AMP PHI SGC AMP MS 166 ABp PH$ S6 AMP PHI
I(U-STANI (DEGI MU-ASR'U I Dt4G IMU-SYNI IDEGI (MU-STRNI (DEG

1 ".US -165. 6 8 160.0 0.052 1:. 0.00881 .0° 0.0 0 000 $0.0 8:8
Q:,9O 180.0 - 0.000 0'.0 0 00

4, 0.0 - 0.000 C.0 6 o.o 8:8
5 :83 . 1.000 0.0 - O~ ~

7. 8:8 1 88 0.0 - 0.00 o -$8

6 : "°  
0.0 9 0.206 0.3 0.000 0

10 o.Obz -169- 1 63 0.0 - 0.000 0.0 1 0.o8 -165.9

IF 5 117.531 5b.b 5 00.6* -LO0.Z 5 $3.oo 134.8 5 62.14 314.6

MODE- 17, RPM- 1000. FREQUENCY- 40.17 MZ IBLADE 61, 40.4b HI (BLADE SI, DAMPING. 1*40 2

RECUR0 '0 51?2 RECORD . 54. RECORD No. R*. RECORD .
M UX I SLO MUX R 26.o . MuM 3e0 6) MleuM 3 (LO 4,

S----- ---- ------- ------- 1x--- - --- _

$o AMP Pj SOf AMP PHI iG PH S~ . AMP PH
$DE P E MU-S LG aNI

IMU-STRN) PHEG ImU-STN'd) (DIG I ;N (0o6 IntU.SITRN) IDP
0 

'  
0O -:16. 1 009 0.0 - 0.0 0.0o.80o 8:8 h =. 1,. :'. -d:

7 0009 18:8 13 . o,0 1 8 :B 8:8 0.000 1.0 1 -S
- 0:8318 8:8 0.000 .0 a

.oo .0 . 3 8 8:8: 33 8:8 8:0
o 59 -.o 8,~ -o ,. 0.000 (0.0$gt ,:

IF 9 11.579 161.2 9 13.102 67.7 9 11.061 173.9 9 ?S3 173.9

%- 
%- ,. . , .



TABLE 34 MODAL PARAMETERS FOR CONFIGURATION 6(c) AT 0 RPM

%O0)E. IF. RPM- 0s FAEQUENCY- 5.16 HZ (BLADE 0), 5.34 HZ IBLADE 51, DAMPING- 0.59 X

m ~naO. 558 RECORD N3. S5,9 RECURODU 560 ~ E0ONp. 560
ISLO 8) M_-UM 2(BLO 65__ 0- AU5) 15 1-- __ U_ _

SGo AMP P.45 SCMI AMP PtiS $Go Amp Ps t S GIO M P4
tMU-ST6.N) fDEI (HU-STR4) (DEI tMU-STRNI (0(1,I (MUXITN, (DEC"i

I .02 0.0 11 .45OD000 00
fj36 0 1 8:874 188SM 03:0 8 3.

OL2 0.0 14 :8 59 8 8 0: 10 ~ 0

17 0.0 0.0 ~ 81 8:888 8:3 10 00:22 lg

0.2082 008: 12 9; 8:8 0: 8:8 0
NF 1 17.505 117.2 1 15.964 142.2 1 16.707 -44.6 1 1S.409 121.6

MOIDE. ?F0 RPM- 0, FRE0UENCY. 32.19 .42 (BLADE 111, 32.77 MZ (aLADE 51, DAMPtNG. 0.66 2

RECU RO NO. 511 AE CORNO SbECURD ME. 563 )IiCORO4NO. 563
nu I---EC---- R,6L-a------L8V' -- IJ---- ---d__ _BL_)-

SCM AMP PH S SCM Amp Pi1S SCI AMP4 P4 
4 

1G AP P.4s
(MU-SA N)I (DEG IMU-STR41 t (G DS MUSGN IS(0 IMU-S ItN) IDEI

1 1.002 0.0 1 1.000 0.0 1 1.000 C.0o 0.000 0.0
2 0.10? 0.0 11 Q, Q ~89 - u000o C03 00.00 .0
3 0.900 is 13 Ni3 . -1: 0.000 c.0 0 0167 -103

4 .63 6:8 4 89 - D.000 0.3 a 1.049 0.0
*5 0:223 180.3 5 8.0'4 -1.2 5 0.213 -109.0 - 0000 0.0

6 Q 071 180.0 15is 5 5. 0.000 0.3 0.:096 0.
7 000 0.0 16 8:6 8 112:M 0.000 0.3 10 0.3 to800

0 0.833 0.0 - a 0O 0- . 0:000 0:0

SO 0.245 180 -:S1 -r: : 42.5 - 0.000 0.0

.1' 1 6.215 171.5 1 5.831 5.9 1 6-363 -11.d 1 10.514 69.5

4 9001. 3F. RPM- 0. FkEOUENCY. 910.31 HI [BLAU[ 619 90.40a M1 (6c.AOE $1, DAMPING- 0.44 2

0' NE~k U. 565 RECORU No0. 56b
REU (L66 ... U_2(BLO 8)__ MUX_3_(BLUIII 6) LO 5)

inu-ST4NI (I.)1 S IRU-AT3N) IDEI) G (MU-STRN)O IDiNC) 1111U-STM 4MG)

09) -00 1 1.000 0.0 1 1.000 6.3888 88
100 11 0.659 1u0.0 - U.000 (. S Q8:800 1688

160.0 13 0.179 0.0 - 0.000 0. 47 18
3 .0 14 0:838 0.0 - 0.000 0:05 .086 180.0 5 0.093 180. 3 8:

1,:8 13:1) 16 0.3 94 0 .0 - 0.000 0.D :
1 .03 00 b 0.156 180.0 - 0.000 0.3 0 S:'

00 - 0.3001 0.0 '5 0.310 0.0 10
9 0.001 0.) - 0.310 0.0

10 i-q 800 12 0.465 180.U - 0.0 f4. 1 SOS~ 8:8
4F I 10.586 -60.3 1 10.510 -41.0 1 10.527 S3.9 1 12.30? 53.9

MODE' 11. RPM- 0. FREaurwCy- Z0.04. Off (LADE 8), 20.03 111 (SLADE 5). DAMPING- 0-6? 2

RECORD -4g. 5t67 RECORD NO6 568 REODN.59RECORD( NO 69

$GC1 AM P PHS SCMF AMP s SC.GS TKI P4 SCM AMP p.4s
(MU-ST-tN) (DEI (MU-STAN) I0E IIUAMN (OGS1 (MU-STAN) IDIG.)

98 1: 8 .5' 0.000 -00 0.000 0 .0

00: a.~ . 0:000 NO 0 .0 8:8
1000.000 (.3 .0:811 1,8: 1 1. 5 100 0.0 - 0.000 a

4 060 : Q. ?:8 0 . .000 &.0 - 0141 8:8
$33 

1  111110 1 0 - 8.000 0.0 10 001 :8
9 .08 -23 9 0.10 180.3 000 .

10 01:85 -7169:6 12 0:02t, 1100 .0 0.0 1 0.035 0.0

'41 5 35.132 06.6 5 35.9bb 1!j5.2 5 36.147 142.0 5 28.136 322.0

MDODE* 1, RPM. 0, FREQUIENCY. 37.9#4 H1 (BLADE d)' 38.47 111 (BLADE 519 DAMPING' 0.58 1

RECORD 140 570 RE CORD :3 571 RCORD No. 572 I(ECOI NO- 572

SCM AMN P.45 S M P4 o AMP P845S C AM H
(MU-STN R EI T E MU-STMN) IG M- IRN DEI (MU-SU' N) 0G)

0v 1 0.059 0.0 1 0.059 0.0 :8 :
11 000"2 113..3 0:0 88 0: .0 a 2:4:

0 ; 0:00 0: 0: SS 8:81 :6813 8:8 1 0830 W: N0000 (H 8:231 82:8
10 U 3 0-0 12 6a a00.0

VF 9 25.053 130.d 9 14.)33 -10?.? 9 24#.507 19.6 9 4.532 -108.9



TABLE 35 MODAL PARAMETERS FOR CONFIGURATION 6(c) AT 1000 RPM

%ODE - I F, RP M- 1000t FREQUENCY- 16.70 41Z 1SLADE d). Ill.?# H.Z IBLAOE 51, DAMPNG. 0.26 2
StEC oltI)' 573 RJ.IORD NO. S?7. RECORD NO. 515 RECORO O 7

Moll~ ~ ~ lae a)l--2

s0. AMP fHS
4  

SI A; m s, (UA 7P ?Hf $6 A"P PuGMU-STANI t GO IU-S aR'ii G~l STRNI (DEG' lmu-$TpN) 0:911

31.000 0.0 1 1.00 10:0 1 :~ : 0

00 1 14 0.043 -64.9 -0:U08 8 I~ 8:i~~~~~ S~ ;~ f :1 6. 
8:896  8:8

0:~ 0.000 0.0 -0. 000 8:3 -8Ss :
1 9042-21 .3 12 0.OeZ 0.0 - .000 to a 1 1.080 0.0

NO' 1 16.3
7
* 106.3 1 11.766 -91.8 1 9.607 -se.2 1 10.72? 91.6

MODE- IF. RPM- 1000. FREQUENCY- 55.17 Hl (bLADE S1, 55.3Z MZ ISLAoE 51, 0AMPING.-O.17 2

RECORD jO. S7b RECORD NO. 51? AECORD NO5 I? 7g RCORD ND *586
blU I ILD 6) MURISL (81. DbU 6

5
* MUK IO

SGI A8 P p S SGS AmP Pu 5 SGO ANP PIGS SC.. AMP
IMu-S7041 (DEGI fm0CT , D' IMU-ST') O016) (MU-STRN) 06

1 1.00) 0.0 1 1.000 0.0 1 1.0Q 0 .a 0.000 0:0
2 0.000 0.0 11 0.5'.1 160.0 -- 0.0,0 -.

dp3 UJ.126 180.0 13 0.116 0.0 - 8*888 1:6Z 1100.0
41 0 64 i180.0 141 0.434. 160.0 . :82: .

5 .3%-.6 5 1.5?6 -b3.7 SI I~i:
8  

.0Z 0.
b 0.901 -56.6 1s 0.134. 180.0 - 888 9 : 0.0

y ̂1b 54, l 0:064 0:0 Z? Ic00
0 (00 0 00 0.0a 0:572 0.0 8 9 E:3 -0.0 00

1Q 009 10'0..; 12 0.133 180.0 - 000 G3 1: g.oo 0.

NP I 17.11Z 147.1 1 14.952 124.9 1 16.420 -31.3 1 20.626 -31.0

MODE. 3F, Rpm. 1000, FRFOUENCY.116.17 NiZ GILADE *1. 116.36 hiZ ISLAOE S1. DAMIPING. 0.56 1

RECORD 4e0- 579 RECD '1656 CORO ND.5se RECORD NO611580! . .-__S---- -

SC. AMP Amp ~~ C M.1N

11.000 0.0 1 100 030 0 :
1:20.3 168:8 '1 8*1y 19: 8:8 : SI 6:

4.~~~ ~ ~ 1.,S000 000 :

w194974 9:276103.0 1.0 0 i.000 96.6 1 i240 1.

?18 aP~ 1000. FRE Y 8:?. 3 4 111 LA.0 22 0BLD s. AMIGs07 41

10 EN1DOI 14681 12 046 100 0.00 blUE 1 GID iMJsL 0.0

01 W.7,44 -27.8 1 03.004. -27.6 1 01.086 96-211.5 -5.

RECR e'00R461 1 iiC 0"0 8.

8:5~~-- ----- --: ---86 10.

100O4 100 it 0.000 0.0 0:00
u0 13 0.031 0.0. 0.01 8.8

37 .0 1*, .77 -p. 0 73.00 -1. 0 51668 16:

MODE. 0~ P . 00, sI PRQECY.o 40.4 1i ISC Si 0.10 8:8 GSAO si a~pN.1

10. Is. 1 .0 .0 0 .00 0. 0818.0 03
002 990.0 11 0.00

0 .3. 73.7 1000 FEUNY40. ? 6 -966LAE8,4.1M ISD 51.DAPN-SI

R: Ok *40 ~ -EODIO 5s:7 RECORD8

1 011 160.0 Ii 06 160.0 1 43 010916
Iq 9 02 99 19. 11 p4. 7. 064 2. 82.



TABLE 36 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF FIRST BENDING MODE OF BLADE S/N 8

-=not available

Configuration Frequency, Hz
Flex Pitch Precone Droop (speed, rpm)

Stiff 0 0 0 5.21 9.53 12.75 16.30 19.52
(0) (400) (600) (800) (1000)

12 0 0 - - 13.52 - 18.98
(650) (1000)

*0 0 -5 5.21 - - - 19.37
(0) (1000)

12 0 -5 5.19 - - - 18.73
(0) (1000)

0 5 0 5.19 - - - 20.32
(0) (1000)

12 5 0 5.17 - - - 18.71
(0) (1000)

Soft 0 0 0 5.19 - - 15.46 19.37
(0) (775) (1000)

0 0 -5 5.18 9.38 - 14.19 19.48
(0) (410) (710) (1012)

12 0 -5 5.17 - - - 18.50
(0) (1000)

-12 0 -5 5.18 - - - 18.70
(0) (1000)

0 5 0 5.19 - - - 19.33
(0) (1000)

12 5 0 5.18 - - - 18.42
(0) (1000)



TABLE 37 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF SECOND BENDING MODE OF BLADE SIN 8

- - not available

Configuration Frequency, Hz
Flex Pitch Precone Droop ( speed, rpm)

Stiff 0 0 0 32.17 - 41.15 49.37 55.94
(0) (600) (800) (1000)

12 0 0 - - 44.76 - 54.34
(680) (1000)

0 0 -5 32.36 - - 55.30
(0) (1010)

12 0 -5 32.32 55.15
(0) (1000)

0 5 0 32.28 55.12
(0) (1000)

12 5 0 32.22 54.62
(0) (1000)

Soft 0 0 0 32.20 - - 47.06 54.72
(0) (775) (1000)

0 0 -5 32.05 - - 45.17 55.58
(0) (710) (1012)

12 0 -5 - - - - 55.24
(1000)

-12 0 -5 32.19 - - - 55.17
(0) (1000)

0 5 0 32.17 - - - 54.83
(0) (1000)

12 5 0 32.16 - - - 52.64
(0) (1000)

9. : :- . ? .. . . --. -/ .,.,- .. ,.,. .. ... , ,,. ., . . . - ,- . -



TABLE 38 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF THIRD BENDING MODE OF BLADE S/N 8

- a not available

Configuration Frequency, Hz
Flex Pitch Precone Droop ( speed, rpm)

Stiff 0 0 0 91.80 95.88 102.05 109.29 117.37
(0) (400) (600) (800) (1000)

12 0 0 - - 103.51 - 117.10
(680) (1000)

0 0 -5 91.31 - - - 114.34
(0) (950)

12 0 -5 91.23 - - - 117.03
(0) (1000)

0 5 0 90.58 - - - 116.72
(0) (1000)

12 5 0 90.62 - - - 117.04
(0) (1000)

Soft 0 0 0 90.58 - - - 115.83
(0) (1000)

0 0 -5 90.22 - - - 116.85
(0) (1012)

12 0 -5 90.32 - - - 116.39
(0) (1000)

-12 0 -5 90.31 - - - 116.17
(0) (1000)

0 5 0 90.69 - - - 116.91
(0) (1000)

12 5 0 90.32 - - - 110.74
(0) (1000)

"% "-,' t% '' ' . - . ' " ' ' '"" " ". " "" . .. . . . ." " ". . ...... . . . '- . . ...**~ .. . * , .~ . .. :- " ,,,. ' . , . - - , ,.. ." '/ % " &,,,' .. ;, -'



TABLE 39 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF FIRST EDGEWISE MODE OF BLADE S/N 8

- = not available

Configuration Frequency, Hz
Flex Pitch Precone Droop ( speed, rpm)

Stiff 0 0 0 24.02 24.31 24.51 24.72 25.09
(0) (400) (650) (800) (1000)

12 0 0 - - 24.53 - 25.31
(680) (1000)

0 0 -5 23.91 - - - 24.46
(0) (950)

12 0 -5 23.68 - - - 24.83
(0) (1000)

0 5 0 23.78 - - - 24.50
(0) (1000)

12 5 0 23.63 - - - 24.79
(0) (1000)

Soft 0 0 0 22.03 - - - 22.51
(0) (1000)

0 0 -5 19.98 21.16 21.82 22.25
(0) (410) (710) (1012)

12 0 -5 19.98 - - 22.74
(0) (1000)

-12 0 -5 20.04 - - - 22.74
(0) (1000)

0 5 0 21.91 - - - 21.35
(0) (1000)

12 5 0 21.83 - - - 21.99
(0) (1000)

o. .. -. - %*% " . '.-' . '. ... '. , . ', '. '. '. - ' .' '' ". -. ..-. . ". .- , ".- "w ... ,. . ,,.. . . . . ,



TABLE 40 EFFECT OF ROTOR CONFIGURATION AND SPEED ON
FREQUENCY OF FIRST TORSION MODE OF BLADE S/N 8

- = not available

Configuration Frequency, Hz
Flex Pitch Precone Droop ( speed, rpm)

Stiff 0 0 0 43.61 45.00 44.51 48.50 47.93
(0) (400) (650) (800) (1000)

12 0 0 - - 46.14 - 47.57
(680) (1000)

0 0 -5 44.24 - - - 53.87
(0) (950)

12 0 -5 44.19 - - - 49.49
(0) (1000)

0 5 0 44.14 - - - 48.64
(0) (1000)

12 5 0 43.95 - - - 50.27

(0) (1000)

Soft 0 0 0 37.96 - - 41.26 44.10
(0) (775) (1000)

0 0 -5 37.75 - - - 40.63
(0) (1012)

12 0 -5 37.81 - - 40.17
(0) (1000)

-12 0 -5 37.94 - - - 40.47

(0) (1000)

0 5 0 39.01 - - - 38.60
(0) (1000)

12 5 0 37.89 - - - 38.10

(0) (1000)



TABLE 41 SAMPLING RATE AND BANDPASS FILTER ASSIGNMENTS

Excitation Sampling Frequency Bandpass
Frequency Rate Resolution Filter

Hz samples/sec Hz Hz

0-10 100 0.1 fe t2

10-20 200 0.2 fe 3

20-30 400 0.4 fe 4

30-50 1000 1.0 fe±t5

50-150 2000 2.0 fe 8

-150-300 4000 4.0 fe 10

Note: fe =excitation frequency in Hz



w 00
SU 0)

co 8

86c*c X
w (a

z CC
X0

82 0

W CL 0

U.2

* LA. w

8I

4w



J PRECONE =DROOP=O0
-~~ CASE 1: STIFF1

CASE 2: SOFT~

CASE 3: STIFF O~V B-PRECONE=5*
CASE 4: SOFT f 4 0JA,(NEG) DROOP = 0

CASE 5: STIFF#B RCN=0

CASE 6: SOFT 13NEDRO-5
FLEXURE (STIFF OR SOFT IN TORSION)

* Figure 2 Rotor Configuration Cases Selected for Tests



Figure 3 UTRC Vacuum Spin Rig
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Figure 4 Conceptual Arrangement for Model Installation in the Vacuum Spin Rig



Figure 5 Instrumented Model Rotor in the UTRC Spin Rig



Figure 6 Model Rotor Drive Crystal Arrangement
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ROTOR SPEED, RPM
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Figure 9 Comparison Between Steady Lead-Lag Moments Measured at Various
Speeds with those Measured In Static Tests
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Figure 12 Modal Amplitude Plots for Rotor Configuration 1 (a) at 0 RPM
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0.800- kI1 1.2.3,4
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Figure 13 Modal Amplitude Plots for Rotor Configuration 1 (a) at 1000 RPM
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Figure 14 Modal Amplitude Plots for Rotor Configuration 2 and 0 RPM
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MODE 1.200- KEY GAGE #

0.800- - 1.2,3,4
14~- 8 , 1 1 , 14
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0 - I-. +-+ 9,12,15
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Figure 15 Modal Amplitude Plots for Rotor Configuration 2 at 1000 RPM



MODE
1.200- KEY GAGE #
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Figure 16 Modal Amplitude Plots for Rotor Configuration 6 (c) at 0 RPM



MODE 
KEY GAGE #

0.5.U- 1.2,3,4

0- -.- L -- X K 8,11,14
- 0----0 5,6,7

1 F -0.5 +-+ 9,12,15

-1.0 @0 10.1316

- 1.5I - -
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-0.400- x
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aD
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cc -0.400--
0
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Figure 17 Modal Amplitude Plots for Rotor Configuration 6 (c) at 1000 RPM
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Given a set of digitized time domain signature:

A X (ti), 1.19 ... N

Assume an analytical wave form

Y (tj) = Y-NM exp (Imtj) [Amsin (2nfmtj) + Bm cOS (2nfmtj)],J~~..
rn-I

N
Minimize I lY (tj) _ X (tj)12

Figure 19 Time Domain Modal Curve Fit Algorithm



Invalid Interpolated
region frequency Invalid

__ I region

FIFT I Af =1VT

Amp I =f/

0 f ~Frequency f

fpu+1

X (t)=A~cos 127rf (tj) + 401 j =Of ...N -I

Mue14'u = FIFT [X (yj) u =0, ...(N12 -1)

Assumet f<!f:5fu+i =ffu+i fu P- mm+
Mu+i +MU

f =fu+ PAf t~fu+1 (1 v)Af

A 7M Iusin (7rJ) A 7r (1 - P) Mu + /sinOr - rv)

Figure 20 FFT Spectrum interpolation Formulas
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NPTCF a400O 1PT"2,INTh'zI lIWj-uI 1Lj,2939q95sb,7v0,991O,4*0v/
IRUN-593' IMUX* ~,1PLTOUuIU~tZwJZ.,FIL Jc 27.,937. ,NiMiNkEF-1q

NPTCI=400 l)P-9IT=1IU=LII FL'19,3,4959697,0,9910*4*OI
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RUH=588: CHAIINELz 1, DATE= 608, M1ODE= 1, VACUUM= 0, RPM= 8

SAMPLING RATE 108., PITCH= 8, PRECONE= 0, DROOP= a

18t _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

5.

MICRO

STRAIN 8.

4' -5. ~h

-18o
8. 2. 4. 6. 8. 10. 1.

TIMIE (SEC)

FFT MAGNITUDE FOR RUN NO. 588, CHANNEL 1

44

MICRO

STRAIN4 2.

t.oi. 28.' 30. 4e. 50.

FREQULENCY (H)

Figure 22 Optional Graphics Output: Typical Time History and FFT Spectrum



INPUT SCTUEUSED 
FOR Mrlc FROM CHA~NNEL I RUN 38

MICRO
S TRQ IfN 9

"H~e (SEC)CURVE FIT RESUL T FOR RUN No See CHNNEL 
I

MICRO

Figu, 2 3  optiong, 
4,ph

Output. TIPE 'SEC)
ccO4,. Typicai Filtred Time #fst@?Y a Curve11 Fit Result



RUt4=588, CHANNEL= 5, DATE= 68 MODE= 1, VACUUM= 8, RPM= 8

SAMPLING RATE 108. PITCH= 0, PRECOHE= 0, DROOP= 8

4.

MICRO
4,STRAIN 8.

-2. 1

-4.

-6.

8. 2. 4. 6. 8. 18. 12

TIME (SEC)

FFT MAGNITUDE FOR RUN HO 5W8 CHANNEL 5

1.5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1.2.

MICRO 8.9

STRAIN

P. 0.6

0.3

0. 10. 20. 38. 40.5.

FREQUENCY (HZ)
Figure 24 Extraction of Modal Information from a Time History Containing Noise
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ATLAS TAP[ I)U1I'
SYSLI ST MODLI ST FILE No 7

88e ..TK MCU STAT 147
I RUN55 Wk STATCLDE

2 PUINT VACUUM SREADYE
TMIA Vl B MODE DUALMOD ED a r t _ b o o , U L q D

4 PAoJECT 0 EXCITE 5S TIMEBAS
4 ;I TH 0 A IHZ

IAX C"AN 13 ONE 0 TihEBA Z 0001
T; I rGE R 3 0 R0UE 0 B t| z oo

T,102 FLEA RE I
10 M TAT -12793 T 0
11 UXLIST 1 Aff 0

12 UX POSN 1 PA E 0
1 SARE

P'ux PSNR ~ PA 0fUX STRT I 0I i ux tEN" 1 s0A

CAL MJ 2 0PARE 0
CAL FLA 0 SPARE 0
SPARE 0 EARE 0

16~ SPAR[~ 0
L9 SvAR 0 PARE
2U SPARE 0 SPARE " o

FILE d CHANNEL 1 10 WOROS REAj) MUx 0 . S3
I C.AX: ST 0.- 

11 QFFS 
T  0

HN.$TAT 13S R C1 Ii 5000 sit 654 TAIRTO INE3
FS IN V 13SPAR 0 ACD E* UL SPARE 0 A JT
*FS.'C 110 'V LSPAR 0 AT1:0RLEI0 0

0 DA O0 o .oooo0E.00
d -FUL SCL -83 SPARE 0 SOOOOOE*O0
4 SeARE 33 SPARE 0 3 L9 7E PT-9.78"030E-OA

10 LUAIN 1i3 S PAR. 0 2R RCALIBRATIO INTEGER

FILE I C1ANNkL 2 10 WORDS READ MUX 0 20 CALIBRATi0 3 INTEGERS
I ANNL 1 1 OF T 1 CHANSTATFIE1 N.AXSTDT 53,O IT64"

m2N.STAT 53 13 FILTER 5000
FS IN SPARE 0 v I

* FUL SCL z13 0 SPARE OFE 
S *FS/2 109 8 OVERLA 0

ZERO 1 t6 SPARE ATTNv T 1OO
-FS/l -101 78 SIPAE 1 0 0 0 00E,00

S FUL ?CL Z06 SL OPARE SLOPE 102OO0
9 SPARE -73 SPARE 8 SLOP 1,.8j71 E - 0 4

10 GAIN 7z0 aO SPARE INTRCEPT4
o8 O15lE-

O

FILE 2 CHANNEL 3 10 WORDS READ RIUX 0 20 CALIBRATION INTLGERS
L 11 OFFSET 0 CHANSTAT

2 HN T RT 5 12 FILTER 5000 SIT 654

3 F$ N 32 13 0PARE a ACDC
', 'FUL SPV 21' 14 PARE 0 OFF SET

*F 512 109 15 SPARE 0 OVERLOAD LZERO '. lb tAE C ATT UATE

-FSIZ -100 17 1 A E 0ERO oO8E89o o 82
-Uk SCL 205 1 AE SLOPE %I

SPARE -73 A E
10 GAIN 128 20 IPAKE 0 INTRCEPT-6:? 3 6

FILE 2 CHANNEL 4. 10 WORDS BEAD fUX 0 20 CALIBRATION INTEGERSFILETD a1Ot.E 5000 BIT 651
/ A](. STU. 10 0 ClhSACHN..STAT 5 2; 1AO

3 FS IN MV 32 13 ;AK SETit, SAl. 0 OFFC

FUL SCL 218 O S
#FSaz is I A 0 OVERLOADIaL A 0 £ITNUATE

b ZER lb 1 PAI 0 5 CALE 1.00000E#I F$ 2 -9h 17 PAR
I

S -FiL SCL -200 18 SPARE 0 ZERO 0.0O00E*0
9 SPA.E -73 19 SEABE 0 SLOPE .3109E-O10 bAIN 128 20 S AE 0 INTRCEPT-LJlb74EOJ

FILE i CHANNEL 5 10 WORDS R1 A0 2Ux 0 Z0 CALIBRATION INTEGERS

I MAX.ITD. 10 ii F 0 CH4NSTAT 3

4 CN.STAT '3 1 FiL R 5000 BK' 65A 3

Figure 25 Optional Tabulated Output: ATLAS Tape Dump
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** FOR CHANNEL 1, IANDPASS FILTER USED IS FROM 3. TO 7. HZ

INPUT SIGNATURE LENGTH IFROM I TO 400 1 400
NO. OF ITERATION- 6
NORMALIZED STD. DEVIATION 0.7 20 13 1E-01

b-*-*-*-*-* RESULTING PAAMETERS *-*-*---
FO CHANNEL 1 UN 588

YEXP(ZN*AZJ*FAL I" (ZN$A3)+A4*COS(ZN*A3)3
MODE NATURAL FREO OAMPING APPLITUQE PHASE

(HZ) cfnU-STR ) (DEG)

1 5.20 -0.780 8.0800 94.46

* FOR CHANNEL 2, C3ANDPASS FILTER USE D IS FROM 3. To 7. HZ

RESULTS OF MODAL INTERPOLATION FOR CHANNEL 2

FR AMPL PHASE
(N (MC -STRN) (DEG)

5.20 5.21 96.30

* FOR CHANNEL 39 RANDPASS FILTER USED IS FROM 3. TO 7. HZ

*** SUMMARY OF MODAL ANALYSIS FOR RUN 588 ***

CHANNEL FREQUENCY DAMPING (HPiASP SHAP-PHS1HZJ (2) RCR-TRN) IDEGREE |

o.5197E+O1 3.7797E,00 0.1000Eo 0.OOOOE+00
0.7254+00 O.OO0E+O0

3 0.3690w 00 O.OOOOE40
0 oo296E 00 O OOOOOE.0o
0*1478.00 0,1800E.OS
0.4315E-01 0.1800E*03
08798 .00 0.OOOOE.00

9 0.398EE00 0.6000E+00
10 099688 -01 0.1800E*03

Figure 26 Optional Tabulated Output: Example of Curve Fit and Interpolation Details
and Results



4-

TABLE RESULT OF MODAL ANALYSIS FOR |TR DATA

RUTOR CONF: (Ps 0, C. 0 D- 0O FLEX-

MODEs IF, RpM. 0

FREQUENCY* 5.19 HZ (BLADE 8)

FREQUENCY- 5.35 HZ (BLADE 51

DAMPING- 0.79 2

RECORD 4O. 588 RECO D NO. 559 RECORD Y0 0 590 RECORDINO 590n HUX I OBLO 81 fUX' (BLO 8I MUX 3 LU S) Mu 3IBUL 5)
i ----- --------- -- H $ o --- A ~ US S I

SC M ., PHs s6, AMP PHs s , A,,P P sAsPPH

IMU-STRN) IDEGI (MU-STRNI (DEG) (MU-STRN) ODE J (NU-TIN, (DEG1

2 .o 0 0:. 8:8 0 0.oo0 ., 0:000 0.0
0.13 0.0 L 0.000 0.0 a is 0.0_ o.' , 868 1:8:8 5 0.1.6 180:0 ' 0.000 0.0

S0043 L8:O .000 00 9 015 00
0 .8 18 8 8:898 8:8 0.00 0:0 10 1' 4

S0.98 8:8 9 5 0o 0: o.ooo
10 0097 180.0 12 U: 0000 0.0 1 1.000 0.0

A. NORMALIZATION FACTOR
1 i8.oU3 94.5 1 6.609 92.4 1 8o039 -87.9 1 7.570 -48.9

B. AMPO.O IMPLIES EITHER NO SIGNATJRE OR NO MODAL INFO AVAILABLE.

Figure 27 Example of Data Reduction Program Tabulated Output



IVI F0Ozw I k 4. &'O I I~b U ~ ZI 471 ,.P7 4. -' L"'- 4--- K"

568 1 . V 0.51965010E*01 O.779b9O1OE*OO 0.80800 280EO1 9.94.'.1'.OoE*oz
1 0.1O00000OEO01 0.00000000E# 00
2 O.72537880E.00 0.OOOOOOOOE. DO
3 0:36901810E+00 0.OOOOOOOOE* 0
4 0.12;63150E#00 0.00000000E0
5 0.14? 76670E.OO 0.1S0000E*03
6 0.4.314.5'30E-01 0.18000000E#03
8 O.87978560E#0U 0.00000000E*00
9 0.39?970?0E*00 0.0OOOOOOOE*00

10 0.9687644'0E-01 0.18O0OOE*03
589 2 9 0.51890980E*01 0.79968310E*00 0.86087200E+OI 0.92405790E.02

1 0 10000O0001*01 0.00000006E.0
2 0:4b787720 +.00 O.OOOOOOOOE+00
3 0 76599420E-81 0.16000000E*03
to 0.5. 706930 -0 I 0.000000001.00
S 0.1497061500 . 0.160000001.*03

0.30925 -1 0.18000000E.03
7 0101. 580 01 .413584.10E.02

59 0.26970250 700 0*53116060E.%2
40 Y.23'.'.5.0E+00 0.00000000

0 8 0.51870760E+01 0.795b2910E.00 0.60367240E.01 -. S7903490E*02
10.100000001#0 0.000000001.00

3 0:20789360t .00 0.18000000E#03
4 0.95!733601#00 0.38452000E.02

0:1 4:69050~ 0 0.8000000E:8
7 0 20j4 720t0 0  0.180000001.03
0 O.487 230.*00 O.OOOOOOOOE#00

10 0. '171850 +00 0.39008500E+025 1 100.862l07760E.02 83.474512O0E'00 0.10176510E*02 -.16012940E*02

0:145234. 0 .00 0.39771480E+02
0 L210YO 010. 143 192 401 .03

0 .649f775E*0 0.18000000[*03
4 ~0.2ba l0l0L.00 0.13706240 .03

0 Q.J1Q' 0210E-01 0.161064909.03
1 29 1940 -01 0. 4257?900r.02
7 i~21 ?0[00 0.00000000[.00

A3 0ji'3f I?201.00 -. 238338301.03
541 2 6 0.322052;~ .02 0.486710990E#00 0.10674500E.02 0.24023180E#02

1040 .00 0.3048850 097 A0 #00 -.143 028 0
8:JS1 to *00 0.32479520E.02

Ij 4 J106 0 2 *0Q 0. 14168l940C .03
59 . 2Iv83?E*02o.o0 0752?0E*00 0.10851680E*OZ 0*25763660E*02

I Q~A~OE01 218064.601+2

* ~ .J2 3jQ~t01 0:18000000 #03

00 3065770 .02
18 9-6N8F000 01OOOOOF.03

%4

Figure 28 Format of Processed Results on Tape

..4. . .
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